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Summary 
In September 1976, the Engineering Experiment Station, Georgia Institute 
of Technology entered into an agreement with the Agency for International 
Development to evaluate (1) the performance and acceptability of a hand-
operated water pump, previously designed for AID, in comparison with other 
pumps used in developing countries, and (2) the feasibility of local manu-
facture of the AID pump. Representative sites chosen for installation of both 
the AID pump and locally-available pumps show an average usage of approximately 
75 persons in Costa Rica, and 150 persons in Nicaragua. In Costa Rica, most 
communities of 250 inhabitants or more have some form of piped water system, 
while in Nicaragua the size of the community will usually exceed 2,000 inhab-
itants before piped water is found. In Costa Rica, most communities will 
have at least one well with a pump, if not piped water, while in Nicaragua, 
springs, rivers, and open dug wells are the common sources of water. Costa 
Rica has a greater degree of electrification in rural areas, allowing the 
installation of motorized pumping systems that are not possible in many areas 
of Nicaragua. Further, the Ministry of Health in Costa Rica has had a hand-
pump program for some fifteen years, while Nicaragua is just now in the begin-
ning stages of such a program. 
Water chemical and bacteriological tests for the two countries were per-
formed, and are still being performed, to measure the beneficial changes 
resulting from the introduction of the water programs into the two countries 
of Costa Rica and Nicaragua. Chemical tests do not show results of great 
concern, but the bacteriological data show that all sites are contaminated 
with common intestinal bacteria. In Nicaragua, at Los Laureles (Site No. 12), 
Salmonella was discovered and merits further analysis to determine if any 
significant hazard exists. Because all sites showed bacterial contamination 
to some extent, even in Costa Rica where all sites had previously been dis-
infected and were equipped with hand pumps, bacterial testing will be carried 
out periodically during the remainder of the program to ascertain the true 
value of water pumps in relation to health. 
INTRODUCTION 
In September 1976, the Engineering Experiment Station, Georgia Institute 
of Technology (Georgia Tech) entered into an agreement with the Agency for 
International Development (AID) to evaluate (1) the performance and accepta-
bility of a hand-operated water pump, previously designed for AID, in compari-
son with other pumps used in developing countries, and (2) the feasibility of 
local manufacture of the AID pump. This program, still under way, involves 
Georgia Tech in planning, installing, monitoring, and reporting upon a field 
test of the AID pump in Costa Rica and Nicaragua, using a counterpart organiza-
tion, the Central American Research Institute for Industry (ICAITI, El In-
stituto Centroamericano de Investigacion y Tecnologia Industrial). 
Organizationally, Georgia Tech has overall responsibility for the AID 
water-pump field testing. Members of the Engineering Experiment Station have 
been, and are currently, involved in national and international programs of 
community and area development, management and technical assistance to busi-
ness and industrial firms, industrial and economic development training, mar-
ket analyses, studies of new manufacturing opportunities, manpower resources 
and labor productivity, stimulation of small-scale industry, technology assess-
ment, development and conservation of energy resources, housing resources, 
industrial economics, economic uses of industrial wastes, adaptive technology 
research and development, audiovisual presentations and multimedia documenta-
tion, and professional guidance in planning industrial and economic development 
programs. 
ICAITI, chosen as a Central American counterpart to enable efficient 
utilization of travel funds and to take full advantage of its established 
working relationships with existing communities, industries, lending institu-
tions, and governmental departments of Costa Rica and Nicaragua, is very 
similar to the Engineering Experiment Station. For more than 14 years, ICAITI 
has made significant contributions to the industrial development of Central 
America and has also completed a considerable number of related projects that 
are aiding in the success of this program. 
The program, more specifically, consists of participation by Georgia Tech 
and ICAITI in the following activities: 
1. Providing technical assistance for selected foundries and machine 
shops to locally manufacture the AID pump. 
2. Selecting 60 field-test sites for installation of 30 AID pumps 
and 30 locally-available pumps. 
3. Well drilling or rehabilitation of existing wells, as necessary. 
4. Installation of pumps. 
5. Monitoring of pump performance for a 12-month period. 
6. Collection and analysis of field data. 
Also included in the Georgia Tech/ICAITI program is this report on the 
quality and quantity of water available to the rural inhabitants of Costa 
Rica and Nicaragua, to be subsequently used to measure the beneficial changes 
resulting from the introduction of the water pump program into the two coun-
tries. The suitability of the water supply from the installed pumps has been, 
and will continue to be, determined by four types of analysis: 
1. Chemical analysis to determine total solids, hardness, etc., to 
detect any harmful chemical ingredients, such as poisonous lead 
or zinc salts. 
2. Physical examinations to determine if the water has any objection-
able color, taste, or odor. 
3. Biological analysis to detect algae, fungi, protozoa, nematode 
worms, the smaller species of crustacea, and the larvae of aquatic 
insects. 
4. Bacteriological analysis, the most valuable and vital examina-
tion, to detect coliforms, salmonella, Shigella, etc. 
Emphasis in this report is put on the first (chemical) and the fourth 
(bacteriological) types of analysis because of their relative importance. In 
respect to the second and third types of analysis, physical examination has 
shown that almost all locations for pump testing have some objectionable 
characteristics such as trash, insects, etc., but much of this will be elim-
inated as the wells are cleaned out, disinfected, and pumps installed. 
COSTA RICA 
It is universally accepted that an adequate supply of water for drinking, 
personal hygiene, and other domestic purposes, and an adequate means of waste 
disposal are essential to public health and well-being. Unfortunately, vast 
numbers of people in the developing world, most of them living in rural areas, 
do not have access to a safe and convenient source of water. When safe and 
convenient sources are available, satisfactory sewage disposal facilities 
normally are still unavailable.
1/ 
One aspect that has been obvious from the beginning of this project is 
that, even though Costa Rica is a developing country, it is much more devel-
oped than Nicaragua, and this shows up in the availability of potable water 
supplies for the two countries. For instance, based on a preliminary survey, 
representative test sites chosen for this project show an average usage of 
approximately 75 persons in Costa Rica, and 150 persons in Nicaragua. In 
Costa Rica, most communities of 250 inhabitants or more have some form of 
piped water system, while in Nicaragua the size of the community will usually 
exceed 2,000 inhabitants before piped water is found. In Costa Rica, most 
communities will have at least one well with a pump, if not piped water, and 
in Nicaragua, springs, rivers, and open dug wells are the common sources of 
water. Costa Rica has a greater degree of electrification in rural areas, 
allowing the installation of motorized pumping systems that are not possible 
in many areas of Nicaragua. Further, the Ministry of Health in Costa Rica 
has had a hand pump water program for some fifteen years, while Nicaragua is 
just now in the beginning stages of such a program. 
This does not mean that Costa Rica is without a need for improvement in 
its potable water delivery system. The Ministry of Health, for instance, 
estimates that, at the present time, as many as 47,000 hand-operated water 
pumps are needed to provide a suitable water supply to the country's rural 
citizens. 
Selection of Field Test Sites 
Costa Rica was chosen as a test country because of a sizable loan that 
has been made to that country by the Agency for International Development. 
1/ Robert J. Saunders and Jeremy J. Warford, Village Water Supply, 
(Baltimore, MD: The Johns-Hopkins University Press, 1976), p. 3. 
-3- 
Provisions of the loan specifically include installation of water pumps on a 
large-scale basis, and it is felt that using Costa Rica as a test country 
will enable that country to get a better start on its own program. Costa 
Rican Ministry of Health and Agency for International Development officials 
also strongly feel that local manufacturing offered by the Georgia Tech/ 
ICAITI program has many advantages that should be included in the Costa Rican 
loan program (mainly employment generation and spare parts availability). 
Table 1 shows those sites selected for the field testing which were 
chosen primarily because of their relative high usage and accessibility. 
All sites have existing, dug wells, equally divided between deep wells (as 
used herein, more than 22 feet in depth) and shallow wells. Selection was 
made during the dry season months of January, February, and March so the water 
column figures indicate annual low water levels (in some instances, the water 
level is unknown because the wells are sealed). The average well is used by 
75 persons and already has an existing pump, with the condition of the pump 
varying from broken and inoperable to good. The last column of Table 1 is 
the type of pump that will replace the existing pump for field-testing purposes. 
The general areas of site concentration are in the northwestern quadrant of 
Costa Rica around Nicoya, Santa Cruz, Liberia, and Las Canas, and the eastern 
area of Limon (see Map 1). 
Water Quality  
A chemical analysis is available at the present time from only one site 
(No. 3), and it is obviously not possible to draw any general conclusions from 
such limited data. Nevertheless, it is informative to compare these results 
with the standards prescribed by the United States Public Health Service for 
drinking water: 
Reported  
pH 	 6.9 
Hardness 	 199.0 ppm CaCO3 
Iron 	 1.4 ppm 
Manganese 	 0.0 ppm 
Sulfate 	 8.0 ppm 
Nitrate 	 0.6 ppm 






SELECTED SITES FOR AID PUMP FIELD TESTS IN COSTA RICA 
Site 
No. Location  
Classifi- 	 Water 	Estimated Usage - 	Type of 	Condition 	Type of 
Well 	Well 	cation Depth to Water Column 		No. Persons 	Existing of Existing Pump to 
	
Situation Type 	by Depth 	(mt.) 	(ft.) 	(mt.) 30-60 	61-100 	>100 	Pump 	Pump 	Install 3  
1 	Margarita (schoolhouse) 	 Existing 	Dug 	Shallow 	2.30 	712 	1.70 	 X None 	 AID-SW 
2 Bristol (Square No. 1) Existing Dug Shallow 2.20 7 0.90 X 	 -- Japanese 
3 	Bristol (Square No. 2) 	 Existing 	Dug 	Deepl 	 -- 	-- 	-- 	 X 	
None 
Dempster Dempster 
4 Baltimor 	 Existing Dug Shallow 3.20 10 1.00 X 	 None 
5 	Corina Existing 	Dug 	Shallow2 	-- 	-- 	-- 	X Japanese 	:000 	
AID-SW 
Poor AID-SW 
Good Dempster 6 Corina (schoolhouse) 	 Existing Dug Deep 	7.60 25 1.00 X 	 Dempster 
7 	Zent (Sr. Pedro Bustos) 	 Existing 	Dug 	Shallow 	2.60 	812 	1.60 	X 	 None --  AID-SW 
8 Zent (Sr. Mariano Grijado) 	 Existing Dug Shallow 2.95 91: 1.85 X None  Japanese 
9 	Zent (schoolhouse) 	 Existing 	Dug 	Shallow 	3.30 	11 	1.60 	X 	 None 
	
-- 
10 El Brillante 	 Existing Dug Deep1 -- -- -- X 	 Dempster 	
AID-SW 
11 	Judas de Chomes 	 Existing 	Dug 	Shallow 	5.70 	19 	4.10 	 X 
Fair 
 Japanese 
12 La Palma de Abangares 	 Existing Dug 11.00 Deep 	 36 0.75 X 	 Broken 	AID-DW Japanese 
Dempster4 
AID-DW 
13 	S Joaquin de Abangares 	 Existing 	Dug 	Deep 10.30 	34 	1.40 	X 	 Dempster 	Poor an 
14 Pueblo Nuevo de Abangares Existing Dug Shallow 	5.20 17 1.40 X Dempster Fair 	
AID-DW 
Japanese 
15 	San Buena Ventura de Colorado 	Existing 	Dug 	Deep 	7.00 	23 	2.70 	 X 	 Dempster Good Dempster 
0 	16 Penas Blancas de Colorado 	 Existing Dug Shallow 	5.95 1912 1.55 X Dempster  Good 	AID-SW 
1 17 	Nicoya (Barrio San Martin) Existing 	Dug 	Deep1 -- 	-- 	-- 	X 	 Dempster  Good 
18 Curime de Nicoya 	 Existing Dug Deepl 	-- -- X Dempster4 	Poor 	
Dempster 
Dempster 
19 	Caimitalito de Nicoya 	 Existing 	Dug 	Deep 8.95 	29 	1.60 	X 	 Red Jacket Broken  AID-DW 
20 Conjunto IMAS, El Torito, Samara Existing Dug Shallow2 	-- -- XDempster 	Good 	Japanese 
21 	Terciopelo de Nicoya 	 Existing 	Dug 	Deepl 	-- 	-- 	 Dempster Poor X  AID-DW 
22 San Francisco de Santa Cruz 	Existing Dug Deep 8.20 27 1.10 	X 	 Dempster 	Fair 	Dempster 






24 Villa Real de Santa Cruz No. 1 	Existing Dug Deep l -- -- X Japanese 	
Japanese 
25 	Villa Real de Santa Cruz No. 2 Existing 	Dug 	Deep 	 36 	 X 11.00 
26 Villa Real de Santa Cruz No. 3 	Existing Dug Deep 1 -- 	-- -- 	 X Dempster 	
Dempster 
Fair 
27 	Los Pargos de Santa Cruz 	 Existing 	Dug 	Shallow 	5.85 19 	0.70 X 	 Dempster 
AID-DW 
Good 	AID-SW 
28 San Jose de Pinilla 	 Existing Dug Shallow 2.55 	8 2.00 	 X 	Dempster  





30 La Jarilla de Canas 	 Existing Dug Deepl -- 	-- X 	
4 Dempster Good 
Dempster 	 AID-DW 
lAssumed deep: well sealed, depth unknown. 
2Assumed shallow: well sealed, depth unknown. 
3AID-DW: AID pump for deep well; AID-SW: AID pump for shallow well; Dempster: Dempster deep well type pump; Japanese: Japanese made shallow well 
type pump. 
4 Pump being used for forced pumping to storage tank. 
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Sites in Costa Rica are concentrated in two major areas: 
(1) the northwestern quadrant around Nicoya, Santa Cruz, 
Liberia, and Las Canas, and (2) the eastern area of Limon. 
The water represented by the sample is quite hard but is within the USPHS 
limits on all items except iron. While the high iron is not a desirable 
condition, it is not a source of great concern as it is objectionable only 
from the standpoint of taste and, possibly, staining of laundry. No toxico-
logical significance would be expected. 
Bacteriological samples from seven locations have been analyzed and all 
contain Escherichia coli in concentration ranging from 3.6 to 1,100 per 100 ml 
sample: 
Site No. Total Coliforms 35°C 	Escherichia Coliform 44°C 
11 210 150.0 
12 1,100 460.0 
13 460 21.0 
14 1,100 290.0 
15 460 240.0 
16 1,100 1,100.0 
30 93 3.6 
Inasmuch as the presence of E. coli indicates fecal contamination, ideally 
none should be present. It is not surprising to find this existing condition, 
however, due to the circumstances of the individual wells themselves. While 
the wells were properly disinfected at the time of their construction, im-
perfect sealing of the top, seepage of surface water, and other conditions have 
lead to subsequent contamination. Bacteriological quality is subject to con-
siderable variability, and frequent analysis of each site would be required to 
provide definite data. It is indicative, on the other hand, that there has 
not been a single location that was free of coliforms. 
Water disinfection has been a routine matter in Costa Rica prior to 
installation of pumps, but there has been no laboratory analysis to reveal the 
extent of assumed contamination in the wells. It is hoped, and expected, that 
this program will show the importance of such analysis since testing of water 
will continue at each site until all sites have been thoroughly analyzed. 
Because many of the sites in Costa Rica have been disinfected in the past and 
the wells were supposedly sealed off from contamination, only to result in con-
tinued contamination, the sites will also be tested periodically after pump 
installation to measure the effectiveness of pump programs such as are now 
being carried out in both Costa Rica and Nicaragua. In other words, if wells 
with hand-operated pumps installed only have the advantage of an easier 
delivery system without an improvement in the quality of the water, the ex-
penditures hardly seem justifiable. Obviously, public health education will 
almost always be necessary to achieve full health benefits. 
NICARAGUA 
Data from 1971 show that 53% of the total population of Nicaragua has 
relatively easy access to piped water supplies; however, when this figure is 
broken down into urban and rural areas, it is seen that 91% of the urban 
population has easy access to this type of water system, while only 18% of 
the rural population has easy access. Comparative figures for Costa Rica 
are 78% (total), 100% (urban), and 56% (rural). While these figures are 
somewhat outdated, it is felt that they probably have not changed drastically 
in the last six years. ?/ 
Selection of Field Test Sites  
Nicaragua was chosen as a test country for this program also because of 
a loan by the Agency for International Development, involving the installa-
tion of hand-operated water pumps. The loan provisions include a potable 
water program which will construct 300-340 wells in the next three years and 
which, as in the case of Costa Rica, the Georgia Tech/ICAITI program will 
complement, allowing the Ministry of Health of Nicaragua to take advantage of 
local manufacturing and all of its benefits. 
Table 2 shows the sites selected for field testing in Nicaragua. Most 
of the wells are already existing, dug (there is one spring and one drilled 
well), and equally divided between deep wells and shallow wells. The depth 
to the water is not known in several cases because the wells are either dry 
(and will have to be deepened), or the wells are still under construction. 
Usage is quite high for the sites, averaging 150 persons, and all wells re-
quire site work of some kind (well deepened, lining applied to the well, 
slab and other concrete work performed, and/or the cleaning and disinfecting 
of the well). The only well with an existing pump is at Los Canas; however, 
this pump has obviously been inoperable for many years, and the well is of 
no value until it is cleaned out, disinfected, and a new pump installed. 
All sites in Nicaragua are concentrated in the northern part of the country, 
near Matagalpa and Esteli (see Map 2). 
2/ The Dynamics of Health, XI: Nicaragua, published by the U.S. Depart-
ment of Health, Education, and Welfare, 1973. 
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Table 2 
SELECTED SITES FOR AID PUMP FIELD TESTS IN NICARAGUA 
Site 
No. 	Location  
Estimated Usage 	 Site Work Required  
Classifi- 	 Water 	Well 	(No. Persons) 	 In- 	Type of 
Well 	Well 	cation Depth to Water Column Diameter 50- 101- 	New Deepen 	 Dis- stall Pump to 
Situation 	Type by Depth 	(mt.) 	(ft.) (mt.) 	(mt.) 	100  150 >150 Well 	Well 	Lining Slab infect Pump 	Install l 
1 La Garita 
(schoolhouse) Existing Dug Deep 8.20 27 0.78 0.80 
2 La Garita New well 
(highway) required Dug Deep -- -- 
3 Llano Grande Existing Dug Shallow 2.20 7 11 1.77 1.20 
4 Los Canas 
(highway) Existing Drilled Deep 7.47 25 7.82 (6") 
5 Los Canes 
(school) Existing Dug Shallow 6.40 21 0.50 1.80 
6 Mechapa Existing Dug Deep 17.80 58 0.95 1.23 
7 Las Lajitas Existing Dug Shallow 5.40 18 0.45 1.45 
8 San Lorenzo Under con- 
struction Dug Deep -- -- -- 
9 El Naranjo Existing Spring Shallow 2.12 7 1.00 2.0x2.0 
10 Isidrillo Existing Dug Deep 24.10 79 2.00 1.20 
11 Rio Abajo 
(Santa Teresa) Existing Dug Shallow 3.50 1111 0.85 1.2x1.2 
12 Rio Abajo 




required Dug Shallow -- 
14 Los Rincones Existing Dug Deep 19.20 63 1.00 1.20 
15 Rio Grande New well 
required Dug Shallow -- -- -- -- 
16 San Antonio Existing Dug Deep 9.87 32 0.55 0.70 
17 El Rodeo Existing Dug Deep 15.91 52 0.33 1.20 
18 Los Calpules 
(stream) Existing Dug Shallow 1.37 4 11 1.18 1.20 
19 Los Calpules 
(schoolhouse) Existing Dug Deep 8.45 28 0.51 1.20 
20 Motolin 
(Sr. Umanzor) Existing Dug Deep 15.56 41 0.42 1.00 
21 Ducuale Grande New well 
required Dug Shallow 
22 La Concepcion 
(No. 	1) Existing Dug Deep 
23 Valle Santa 
Rosa 
Under con-
struction Dug Deep -- 
24 Sabana Grande Existing Dug Deep 14.17 461/2 0.23 0.91 
25 San Diego Existing Dug Deep 27.48 90 0.20 1.17 
26 La Concepcion 
(No. 	2) Existing Dug Shallow 
27 Valle Santa 
Lucia 
Under con-
struction Dug Shallow 
28 Los Curritos New well 
required Dug Shallow -- -- -- 
29 Las Mangas Existing Dug Deep 8.76 29 5.90 1.09 
30 La Majadita Existing Dug Shallow 6.15 20 0.80 1.00 























EoLINDART REPRE•ENTATION If 
MOT NEC 	 MT AUTHORITATIVE 
• 
Waspan 






























.,r Corint 	'Leen 	
" . 	, 	,,-t.,,,. 	Sa 
Poneloy 	 0 I ''''' dr' 	lEfeT L, R e ,  
tr0.. 




- ' M4salYa 	-`---\ ia d \ 















Sites in Nicaragua are concentrated in the northern 
part of the country, near Matagalpa and Esteli. 
Water Quality  
The results of chemical analysis of 15 sites are given in Table 3. For 
comparison, the limits established by the USPHS for drinking water are also 
included. In general, the water sampled is quite hard. Los Rincones (Site 
No. 14) is given as a hardness of 70, but this may be in error if the total 
solids content of the water (608 mg/1) is correct. The total solids content 
of all other samples is in an acceptable range. Iron content is low in 
every case, and manganese was found in only four samples. (Las Lajitas, Site 
No. 7, is the only location where manganese might be a significant problem 
from its tendency to stain laundry.) 
Nitrate levels are low with the single exception of Isidrillo (Site 
No. 10) where the reported nitrate level of 306.5 mg/1 exceeds the 100 mg/1 
total solids. It appears likely that a clerical error has occurred, and 
the nitrate value was probably intended to be 30.65 mg/l. The levels of 
fluoride present may offer considerable resistance to tooth decay, as the 
recommended concentration in the United States where water supplies are to 
be fluoridated are 0.7-1.2 mg/1, depending on the air temperature. Both 
chloride and sulfate are at sufficiently low concentrations. 
An examination of the bacteriological data (Table 4) shows that all 
sites are significantly contaminated with common intestinal bacteria. The 
positive finding of Salmonella at Los Laureles (Site No. 12) is cause for 
special concern, and additional samples from this site will be analyzed to 
determine if any significant hazard is present. 
Table 3 








Solids Fe Mn Ca NO3 F Cl SO1 
1 La Garita 7.0 350 26 218 0.07 0.05 70.0 3.76 0.30 22.5 2.0 
3 Llano Grande 6.4 200 120 161 0.07 0.00 30.0 9.96 0.70 12.5 3.0 
6 Mechapa 7.7 325 30 330 0.06 0.00 80.0 13.10 0.40 12.5 8.0 
7 Las Lajitas 7.5 200 190 225 0.02 0.40 50.0 4.43 0.35 5.0 2.0 
9 El Naranjo 6.9 400 420 426 0.05 0.00 100.1 3.54 0.70 15.0 3.0 
10 Isidrillo 7.6 400 180 100 0.07 0.00 90.0 306.50 0.35 62.5 10.0 
11 Santa Teresa 8.1 240 265 383 0.01 0.00 62.0 9.52 0.35 15.5 11.0 
12 Los Laureles 7.7 250 265 340 0.01 0.00 64.0 6.42 0.60 15.0 6.0 
1 
1-. 14 Los Rincones 8.1 70 445 608 0.01 0.00 20.0 16.60 0.25 20.0 20.0 
w 
16 San Antonio 7.9 240 270 404 0.01 0.00 68.0 2.65 0.50 19.5 11.0 
18 Los Calpules 7.9 290 330 394 0.01 0.10 80.0 0.00 0.55 10.0 2.0 
19 Los Calpules 7.9 210 200 237 0.01 0.00 50.0 5.10 0.60 12.5 4.0 
20 Motolin 8.2 240 250 298 0.05 0.00 62.0 22.40 0.65 14.0 4.0 
22 La Concepcion 7.5 350 30 264 0.00 0.10 80.0 0.00 0.40 10.0 3.0 
29 Las Mangas 6.4 100 100 38 0.02 0.00 20.0 2.21 0.50 15.0 2.0 
Drinking Water 
Standards USPHS 500 0.30 0.05 45.00 (b) 250.0 250.0 
(a) All values mg/1 except pH. 




SUMMARY OF BACTERIOLOGICAL ANALYSIS -- NICARAGUA 
Coliforms 	Salmonella 	Shigella 
per 100 ml Presence Presence 	 Comments 
1 La Garita 2.4 Negative Negative Positive Enterobacter 
3 Llano Grande 430.0 Negative Negative Positive Enterobacter and Citrobacter 
6 Mechapa 1,100.0 Negative Negative Positive Proteus and Citrobacter 
7 Las Lajitas 150.0 Negative Negative Positive Enterobacter 
9 El Naranjo 1,100.0 Negative Negative Positive Enterobacter 
10 Isidrillo 1,100.0 Negative Negative None 
11 Rio Abajo 
(Santa Teresa) 24.0 Negative Negative Positive Enterobacter 
1 12 Rio Abajo 
.r. (Los Laureles) 64.0 Positive Negative Positive Salmonella sp, Enterobacter, and Citrobacter 
1 
14 Los Rincones 54.0 Negative Negative Positive Pseudomonas 
22 La Concepcion 2.4 Negative Negative Positive Pseudomonas 
25 San Diego 2.4 No samples analyzed for Salmonella and Shigella 
29 Las Mangas 81.0 Negative Negative Positive Escherichia coli polivalente A 
PHILIPPINES 
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EXECUTIVE SUMMARY 
In September 1976, the Georgia Institute of Technology (Georgia Tech) was 
contracted by the Agency for International Development (AID) to select two 
developing countries for local manufacturing and field testing of the AID hand-
operated water pump. The scope of work included technical assistance to foundries 
and machine shops in the manufacturing operation and evaluating the performance 
and acceptability of the hand pump when heavily used. 
Nicaragua and Costa Rica were chosen as initial test countries based on 
several factors including the existence of adequate manufacturing capabilities, 
upcoming hand pump programs planned by AID in collaboration with the Ministry of 
Health in both countries, and enthusiasm about the project goals and the resulting 
development spin-offs. Local manufacture of the AID hand pump was completed 
and field trials initiated between January 1977 and September 1979. The AID pump 
was subsequently determined to be reliable, sturdy, easily maintained, low in cost 
compared to imports, and capable of being manufactured in developing countries. 
As a result of the Nicaraguan and Costa Rican field tests, minor design modifica-
tions were recommended that proved successful in later field tests. 
An assessment was then made of existing manufacturing capabilities for the 
Dominican Republic and a market analysis performed to determine the relative cost 
of local manufacturing versus importing. The AID hand pump was found to be 
appropriate, and in August 1978 Georgia Tech was contracted to help develop local 
manufacturing capabilities and conduct field tests. Even though a prototype 
available from Nicaragua provided guidance in fabricating the AID hand pump in the 
Dominican Republic, the first batch of finished pumps clearly showed difficulty in 
adhering to specified tolerances. However, of the 24 test pumps manufactured, 21 
were installed and functioned well. These initial manufacturing problems were 
resolved through technical assistance, and the Dominican Republic has officially 
accepted the AID hand pump for its own use. 
An AID hand pump program began in Indonesia in early 1978 with Georgia Tech 
personnel performing a manufacturing feasibility study, and based on initial findings 
an AID/Georgia Tech contract was signed in September 1978. This contract 
required that Georgia Tech provide technical assistance in producing 230 AID hand 
pumps, install 60 of the pumps in six Provincial Development Program (PDP) areas 
with 35 of the pumps in the Bandung area, 10 in the Jakarta area, and II at 
sanitarian schools, monitor the performance of the pumps and feed back data to the 
manufacturer for tightening of quality controls when defects appear, and assess the 
feasibility of manufacturing the pumps in three PDP areas. Prospects for wide use 
of the AID hand pump in Indonesia now appear promising as the Cooperative for 
American Relief Everywhere (CARE) has installed over 200 of these pumps for its 
own rural water supply programs. The Asian Development Bank (ADB) is also 
considering its use for 3,000 wells in the Sulawesi region. Other organizations are 
expected to use the pump as additional foundries are identified and exposed to the 
marketability of the pump. It is noteworthy that at one rural village where a test 
pump was installed, local residents took up a collection to purchase three additional 
pumps, developed well sites, and installed the pumps themselves. Such initiative is 
admirable and both Georgia Tech and AID are proud of fostering this type of 
accomplishment. 
In October 1979, Georgia Tech personnel were asked to determine the 
feasibility of manufacturing the AID hand pump in Sri Lanka. In March 1980, a local 
manufacturing program began at a foundry and machine shop. The pumps produced 
thus far appear to be of excellent quality. By August 1981 the installation phase of 
the project should be completed, with a monitoring and evaluation period extending 
through December 1981. By the time the project is completed, the manufacturer 
should be capable of producing the pump at a high level of quality without external 
technical assistance and supplying national and international organizations on a 
large-scale basis. 
In April 1980, a Georgia Tech team visited Tunisia to determine if the AID 
hand pump program would be suitable for the country. Surveys of Tunisian 
foundries, machine shops, plastics manufacturers, and retail hardware stores 
indicated that local manufacture of the pump was both technically and economically 
feasible as a viable alternative to expensive imports. In August 1980, a contract 
was signed between USAID/Tunisia and Georgia Tech to provide technical assistance 
related to local manufacture of the AID hand pump, evaluation of pump per-
formance, and water quality improvement. In January 1981, a prototype pump of 
very good quality was produced and approval was given to proceed with the 
production of 40 pumps by April 1981. 
The AID hand pump program was expanded to Ecuador in August 1980. Initial 
results indicated that a hand pump program would improve living conditions by 
providing safer, more convenient water, as well as stimulating industrial develop- 
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ment and reducing foreign exchange requirements. Based on this information, a 
contract was signed between USAID/Ecuador and Georgia Tech in September 1980 
to provide technical assistance in locally manufacturing AID hand pumps and 
assuring their applicability for introduction into bilateral health projects that 
include water supply components. Plans call for installing AID pumps in June 1981 
in rural areas of Ecuador by CARE, the Peace Corps, Voz Andes Hospital's 
Community Development Department, the Ecuadorian Institute of Sanitary Works 
and the Center for the Rehabilitation of Manabi. Georgia Tech will perform 
training in site selection, well preparation, installation techniques, proper disinfec-
tion of water, bacteriological analysis of water, and maintenance and repair. These 
activities should result in national acceptance of the AID hand pump into future 
Ecuadorian rural water supply programs. 
Honduras, the Philippines, Bolivia, Togo, Benin and Liberia have also been 
surveyed by Georgia Tech to determine if the AID hand pump is appropriate and can 
be manufactured at a competitive cost. Manufacturing, field testing, and pump 
performance monitoring and evaluation activities are expected to begin in Honduras 
and the Philippines soon because of positive results from the surveys and an interest 
on the part of the respective AID Missions and host country organizations in 
promoting the pump. Bolivia has already developed and accepted a World Bank -
funded hand pump that is locally manufactured. Togo and Benin were not 
appropriate for the AID hand pump since most of the wells were too deep. Liberia 
did not have sufficient manufacturing capabilities to support a pump program. 
Introducing the local manufacture of the AID hand pump in developing 
countries is a classic example of effective technology transfer. Georgia Tech has 
established a methodology for working with private sector manufacturers and 
government organizations to stimulate the local fabrication, installation, and use of 
the pumps as well as monitoring of water quality. This methodology is simple and 
easily applied in a variety of countries with a variety of devices other than hand 
pumps. However, much detailed work is involved in initiating the local manufacture 
of any product such as the AID hand pump. The manufacturer must be assisted in 
reaching a satisfactory level of quality control, and the implementing organizations 
must be made aware of the product capabilities and problems. Such a program 
requires patient, prolonged, and understanding work with personnel from private, 
government, and international organizations to share the knowledge and techniques 




The Georgia Institute of Technology is committed to the three major activities 
of teaching, research, and public service. Each of these activities has played a key 
role in responding to the needs of local, state, regional, national, and international 
communities for updating basic and advanced technical knowledge and skills. Thus, 
this publication has been prepared to describe a development activity related to 
rural water supply technology transfer serving the international community during 
the past five years. Georgia Tech is grateful to the Agency for International 
Development (AID), especially to officials of the Environmental Health Division, 
Office of Health, Development Support Bureau, Washington, D.C. for the 
opportunity of participating in this endeavor. 
During the period from 1964 to 1975, AID contracted with the Battelle 
Memorial Institute to design a low cost, easily maintained hand-operated water 
pump that could be manufactured in developing contries. In September 1976, 
Georgia Tech was contracted by AID to select two developing countries for the local 
manufacture and field testing of this pump. The scope of work included technical 
assistance to foundries and machine shops in the manufacturing operation and 
evaluating the performance and acceptability of the pump when heavily used. 
Georgia Tech was chosen for these tasks because of its experience in stimulating 
small-scale industry in developing countries. 
Nicaragua and Costa Rica were chosen as initial test countries because of: 
o Adequate existing manufacturing capabilities 
o Upcoming hand pump programs planned by AID in collaboration with 
each country's Ministry of Health 
o Enthusiasm over the project goals and the resulting development spin-
offs by the governments 
Local manufacture of the AID hand pump was completed and field trials initiated 
between January 1977 and September 1979. The AID pump was subsequently 
determined to be reliable, sturdy, easily maintained, low in cost compared to 
imports, and able to be manufactured in developing countries. As a result of the 
Nicaraguan and Costa Rican field tests, minor design modifications were recom-
mended that proved successful in later field tests. 
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Technology transfer programs have since begun in the Dominican Republic, 
Indonesia, Sri Lanka, Tunisia, and Ecuador. These hand pump programs represent 
the application of technology transfer in its most complete form to developing 
countries and have clearly indicated that further use of the AID hand pump should 
be encouraged. The pump can be manufactured in a developing country at a 
competitive, profitable price and at an acceptable level of quality if adequate 
facilities are available. However, the availability of adequate manufacturing 
facilities and sufficient market demand are factors that must be determined for 
each developing country. Acceptance by villagers has been excellent with regard to 
aesthetics, simplicity, and ease of use. 
Several national and international agencies have adopted or are considering 
adoption of the AID hand pump for their own use. The organizations include: 
o Ministry of Health in the Dominican Republic 
o Ministry of Health in Nicaragua 
o Voz Andes Hospital's Community Development Department in Ecuador 
o Ministry of Health in Ecuador 
o Peace Corps in Ecuador 





o Asian Development Bank (ADB) in Indonesia 
o Ministry of Industry in Indonesia 
o Ministry of Health in Indonesia 
o Ministry of Agriculture in Tunisia 
o Ministry of Local Government, Housing and Construction in Sri Lanka 
o United Nations Childrens Fund (UNICEF) in Sri Lanka 
The AID hand pump program has had a positive impact on the rural health 
(though admittedly difficult to quantify), employment generation, spare parts 
availability, and foreign exchange requirements. In addition, national pride is 
instilled when local capabilities are used for manufacturing a relatively complicated 
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product rather than importing. These impacts are extremely important in the 
development of a country, as recognized by AID Missions, and should never be 
underestimated. AID hand pump programs represent not just the single aspects of 
health improvement, rural development, urban development or capital development, 
but an integration of all of these objectives. 
The following chapters give a general overview of the AID hand pump program 
and Georgia Tech's methodology for technology transfer. This methodology, if 
carefully followed, can serve as an operational model for the transfer of a wide 
variety of technologies ranging from hand pumps to solar-powered water systems, 
home water disinfection to large community water treatment, or manually operated 
drilling tools to large high-production drilling rigs. All of these programs would 
work to match university, public, and private sector expertise with host country 
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NICARAGUA 
Guatemala, El Salvador, Nicaragua and Costa Rica were visited by project 
personnel in the fall of 1976 to determine: 
o Existing manufacturing capabilities for producing the AID hand pump 
o Relative local manufacturing cost versus import costs 
o Applicability of the hand pump to rural water supply programs 
All four countries were found to have sufficient manufacturing capabilities 
and the prices quoted for manufacturing the AID hand pump were much less than 
those for comparable imported hand pumps. Nicaragua and Costa Rica were chosen 
to be initial test countries because they also had upcoming AID-funded rural water 
supply programs that could utilize the AID pump. In addition, a high level of 
enthusiasm was exhibited by the AID Missions and each host country for such a test 
program. 
Nicaragua had a rural water supply loan from AID that called for the 
installation of 300 hand pumps by the end of 1979. The AID/Georgia Tech program 
complemented this program by providing technical assistance in hand pump selec-
tion, installation techniques, repair, and maintenance. The program also enabled the 
Ministry of Health in Nicaragua to take advantage of locally manufactured hand 
pumps produced at a cost lower than commercially available imported pumps. 
Program activities began in Nicaragua in January 1977 when a local foundry, 
Complejo Metalurgico Especializado, S.A. (COMETALES), was contracted to manu-
facture 20 AID hand pumps. The U.S. manufactured Dempster heavy duty 
Model 210F pump and a Brazilian Marumby pump were used for comparison since 
they were both locally available imports. A hand pump developed by the Interna-
tional Development Research Centre (IDRC) of Ottawa, Canada and the U.S. 
manufactured Moyno hand pump were also used for comparison. Unfortunately, the 
Moyno pump was added to the test program in the latter stages of the project and 
civil disorders prevented extensive monitoring of its performance. Thirty represent-
ative sites were selected to receive the initial test pumps installed by a Ministry of 
Health team with the Moyno pumps installed approximately a year after the rest. 
Immediately following installation, the wells were disinfected with a chlorine-
yielding substance. 
During the survey of manufacturing facilities in Nicaragua many foundries 
were identified but pattern makers, a very necessary requirement for local 
production, were practically nonexistent. One foundry was located that had all of 
the necessary resources, including pattern makers, to manufacture a quality hand 
pump. A contract was signed for the manufacture of eleven deep-well AID hand 
pumps (the plunger and the cylinder located below the well's water level when 
installed) and nine shallow-well AID hand pumps (the plunger and the cylinder 
located in the pump stand above ground). The prices for these pumps in 1977 were 
as follows: 
Shallow-well model 	$69 each 
Deep-well mode I 	$75 each 
Patterns 	 $1,000 (one-time charge only) 
By comparison, in 1977 the Dempster hand pump cost $257 delivered (pump, 
cylinder, and transportation), the Brazilian Marumby hand pump cost $45 delivered, 
and the IDRC hand pump cost $70, when fabricated in Nicaragua. The Moyno hand 
pumps cost $400 each, plus packing and shipping, for an average total unit cost of 
$470. The Moyno hand pump price of $400 was actually a price for demonstration 
and advertising purposes reduced from $800, and now sells for approximately $500 
per unit in lots of less than 100 pumps. 
Two major manufacturing problems became apparent when the field tests 
began. First, the weakest point on the cap of the deep-well pump was where 
maximum stress was being applied by the handle fulcrum upon the pivot arm of the 
cap, thus causing the pivot arm to break off from the cap. Because of an indented 
contour on the top plate of the pump body, it was not possible to cast the pump body 
as specified by the design drawings since the patterns for the pump could not be 
removed from the molding sand without destroying the mold. Therefore, the 
manufacturer eliminated the indented contour on the top plate of the pump and then 
did not have enough clearance between the pivot arm of the cap and the top of the 
pump body. In order to obtain a better fit between the pump cap and the pump 
body, the manufacturer milled away a fillet on the pivot arm, leaving a notch at the 
point of maximum stress. To alleviate the entire problem, the pump cap was 
redesigned by lifting the pivot arm up and away from the pump body and positioning 
it so that it did not absorb as much of the stress caused by the downward force of 
the pump handle. The redesigned cap was put into production successfully at the 
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manufacturer's foundry and installed on the pumps in the field, solving the initial 
problem. 
The second major problem encountered with the AID hand pump in Nicaragua 
was a lack of three inch PVC pipe for the deep-well cylinders. As a result, the 
manufacturer used undersized PVC pipe and expanded it by heating. Quality control 
for such a process was very difficult and the results were unacceptable. While 
several of these PVC cylinders were installed in the field, it was decided that metal 
cylinders coated internally with epoxy would have to be used until the three inch 
PVC could be made available locally or imported from another country. In July 
1977, the correct size PVC was obtained from a local manufacturer and acceptable 
cylinders were produced according to specifications. These new cylinders were far 
superior to both the epoxy-coated cylinders and the cylinder made by expanding the 
undersized pipe. 
The majority of the manufacturing and quality control problems encountered 
were to be expected when a new product like the AID hand pump was introduced 
into local production for the first time. As subsequent orders were processed and 
personnel became more familiar with the pump, quality control was refined to the 
point where the orders were considered to be normal high quality production. 
Further, all design weaknesses were satisfactorily overcome as a result of modifica-
tions made by project personnel and ultimately proved to be workable in other 
developing country environments. 
The hand pumps used for comparison were extremely valuable in providing 
performance data. The Dempster pumps performed well and gave no major 
problems. The IDRC pump performed relatively well, but had some difficulty with 
the foot valve sticking in the open position, as well as with consumer acceptance. 
The Moyno pump also performed well even though it's late inclusion into the test 
program provided only limited information. 
The Marumby pump presented major problems. The handle and pump cap 
connection point was weak and in three of the five pumps tested, the pump cap had 
to be replaced due to breakage at this point. Spare parts were also difficult to find 
and the local distributor did not carry a large inventory of extra pumps for 
replacement purposes. This factor enhances the argument for locally manufacturing 
pumps so that spare parts can be made readily available. 
The AID hand pump was chosen over the other pumps by the Nicaraguan 
Ministry of Health's PLANSAR (Planificacion de Sanitacion y Aquas Rurales) unit 
for its overall performance and benefits from local manufacture. In addition, the 
foundry (COMETALES) began regular production of the pump shortly before the 
AID/Georgia Tech program ended, thus displaying its ability to manufacture a 
quality hand pump without further external technical assistance. However, civil 
disorder erupted later that led to an overthrow of the existing government and the 
Ministry of Health's hand pump program was discontinued even though the foundry 
was still offering the pump as one of its products. 
Despite the unfortunate series of events that led to the discontinuance of the 
use of the AID hand pump in Nicaragua, the AID/Georgia Tech program was very 
successful since it allowed project personnel to obtain field data resulting in 
refinement of the pump for local manufacture, installation, and operation/ 
maintenance requirements in other countries. 
FIGURE 3. AID DEEP-WELL MODEL HAND PUMP 
(NICARAGUA) 






FIGURE 5. INTERNATIONAL DEVELOPMENT RESEARCH 
CENTRE HAND PUMP (NICARAGUA) 
FIGURE 6. BRAZILIAN MARUMBY HAND PUMP 
(NICARAGUA) 




Costa Rica was chosen as a test country for evaluating the performance and 
acceptability of the AID hand pump because of a large well and hand pump program 
loan and because of the country's need and interest in a locally manufactured hand 
pump. Provisions of the loan specifically included installation of hand pumps on a 
large-scale basis and, as with Nicaragua, it was felt that a locally manufactured 
pump had many advantages that should be included in the Costa Rican loan program. 
These advantages included employment generation, spare parts availability, reduc-
tion of foreign exchange requirements, and lower cost than for commercially 
available imported hand pumps. 
A machine shop, Mecanizados Mofama, S.A., which purchased rough iron 
castings from a local foundry, was contracted to manufacture 20 AID hand pumps. 
These pumps, eleven deep-well and nine shallow-well, were installed in April 1977. 
The Dempster and the Japanese Lucky pump were chosen for comparison. The test 
pumps were installed at 31 representative sites (16 AID hand pumps and 15 
comparative pumps) and as in Nicaragua, the pumps were installed by Ministry of 
Health engineers and technicians. However, in Nicaragua most of the sites had to 
be completely developed whereas in Costa Rica, existing wells with inoperable 
pumps were used by merely replacing broken pumps with the test pumps. 
A contract was signed with Mecanizados Mofama, S.A. in January 1977 for the 
manufacture of nine shallow-well pumps and eleven deep-well pumps. The prices of 
the AID pumps in 1977 were as follows: 
Shallow-well model 	$ 98 each 
Deep-well model 	$128 each 
Patterns 	 $498 (one-time charge only) 
For comparison, the Dempster cost $257 in 1977. The Lucky pump from Japan cost 
$63 delivered. 
Mecanizados Mofama, S.A. encountered several manufacturing problems while 
producing the AID hand pump. Most of these problems were related to the 
manufacturer's unfamiliarity with the pump and from poor castings. The foundry 
producing the castings had no laboratory facilities and used scrap iron as the source 
of raw materials. As a result, the pump castings produced were rough in texture, 
contained voids and inclusions, and would be considered unacceptable by U.S. 
-19- 
standards. However, subsequent castings produced for replacement parts showed a 
significant improvement as the foundry gained production experience. In addition, 
no replacement parts broke during a subsequent I2-month monitoring period under 
high use and a variety of field conditions. 
In general, the functional performance and acceptance of the Costa Rican 
manufactured AID hand pump was satisfactory, but initial casting defects were 
encountered that necessitated the replacement of several handles, caps, and handle 
fulcrums. In all cases, these failures were caused by a tack of quality control at the 
foundry. Better foundries were available, but unfortunately none were interested in 
initial small orders, even though the potential for much larger orders existed. 
The foundry also had difficulty in casting the deep-well pump cap as designed 
by Battelle and, as a result, proposed that the design be substituted with a less 
complicated cap similar to that used on Dempster hand pumps. The proposed design 
change was approved by project personnel, put into production, and field tested. the 
test results were acceptable but not as good as those of the modified Battelle design 
used in Nicaragua. The Costa Rican redesigned cap used a stuffing box as a piston 
rod guide that quickly wore out, while the Nicaraguan redesigned cap used sliding 
blocks that showed excellent resistance to abrasion caused by friction. 
Even though Costa Rican Ministry of Health officials decided not to adopt the 
AID hand pump for future installations, they later made the decision to locally 
manufacture a hand pump that contained many of the features of the AID pump. 
For Georgia Tech and AID, field test results clearly highlighted the modifications 
necessary to make the AID pump acceptable in a developing country environment. 
These modifications were essentially to use the cap design modifications developed 
for Nicaragua on both deep-well and shallow-well models and to use a double-cup 
arrangement with the piston assembly for longer life of the cups and for a better 
seal. 
FIGURE 8. AID DEEP-WELL MODEL HAND PUMP WITH CAP 
DESIGNED BY COSTA RICAN FOUNDRY 
FIGURE 9. JAPANESE LUCKY HAND PUMP (COSTA RICA) 

DOMINICAN REPUBLIC 
An inspection and assessment of existing manufacturing capabilities, a market 
analysis, and determination of the relative cost of manufacturing the AID hand 
pump locally versus importing hand pumps preceded the introduction of the pump 
into the Dominican Republic. It was concluded that the AID hand pump was 
appropriate for the Dominican Republic, and in August 1978 Georgia Tech was 
contracted to develop local manufacturing capabilities and conduct field tests that 
would clearly show any manufacturing defects that needed to be corrected. 
The interest by USAID/Dominican Republic and the Dominican Republic 
Ministry of Health was due to an upcoming AID health sector loan that included 
drilling wells and installing hand pumps in the western region of the country. 
Georgia Tech was contracted to carry out the following activities: 
o Assist local manufacturers in producing the AID hand pump 
o Select field test sites and help prepare them for pump installation 
o Assist Ministry of Health personnel and rural villagers in the installation, 
maintenance, and repair of the pumps 
o Determine well water quality at pump sites by chemical and bacterio-
logical analyses 
o Test the locally manufactured pumps under field conditions to improve 
manufacturing quality control 
Two integrated foundry and machine shop businesses, INDUSTROQUEL and 
Astilleros Navales Dominicanos, were chosen to manufacture the AID hand pump in 
the Dominican Republic. INDUSTROQUEL was a small shop in which the owners 
themselves function as machinists, production supervisors, salesmen, accountants, 
and overall managers of the business. Astilleros Navales Dominicanos was a very 
large and bureaucratic operation owned by the government, but operated on a 
competitive basis with the private sector. The latter appeared to have the best 
equipment and had a functional organizational structure with a sales manager, a 
chief engineer, and a supervisor for the machine shop and foundry operations. 
Before contracting with the two manufacturers, an agreement was made to 
produce the shallow-well pump for $110 and the deep-well model for $135. 
However, after producing the first order, six shallow-well and six deep-well pumps 
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by each, the manufacturers revised their quotes to $175 for the shallow-well and 
$198 for the deep-well pump. This price increase resulted in a loss of com-
petitiveness with imported pumps, but even so, many advantages of local manu-
facture still existed. Recently, the Ministry of Health in the Dominican Republic 
received bids for 1,000 AID hand pumps, where the competition resulted in an 
accepted bid of $128 for both models from a local foundry and machine shop 
establishment, Equipo Tecnico Industrial. 
In manufacturing the AID hand pump in the Dominican Republic, a prototype 
was available from Nicaragua that was very helpful to the pump manufacturers. 
However, the working drawings had to be translated into Spanish and the correct 
PVC pipe for lining the shallow-well pump was not available. In order to solve this 
problem, the PVC manufacturer had to run a special order of the correct size pipe. 
Project personnel now choose the nearest oversized outside diameter PVC pipe and 
turn it down to the correct size on a lathe so that standard diameter PVC pipe may 
be used. The first batch of finished pumps clearly showed manufacturing difficulties 
in adhering to specified tolerances. However, subsequent production has vastly 
improved. 
Of the 24 test pumps manufactured, 21 were installed. All of these pumps are 
functioning well, especially those that have been kept lubricated. They have been in 
the field for close to 2 1/2 years with many not requiring even the first changing of 
leather cups. 
As part of the project, work was peformed related to the quality of the water 
in the wells where the pumps were installed. An attempt was made to properly seal 
the wells to prevent the entrance of contamination and to disinfect the water. 
Some of the wells were placed too close to latrines (as close as 16 feet in one case). 
Even in these cases the wells were still used for testing because, prior to installation 
of the hand pumps, the villagers were using water from the wells and it was felt that 
the test results would provide useful information. 
Concrete aprons were built extending five feet around the wells and a curb 
was placed around the aprons to keep sullage water away. A cover was placed over 
a manhole on the top of the well upper-structure used to provide access for the 
villagers to draw water in case the hand pump failed. A concrete pedestal was 
formed below where the hand pump rested after installation to prevent water from 
entering the well at the base of the pump where the pump's drop pipe passed through 
the upperstructure. However, the pedestal did not prevent water from entering the 
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well at this point. A section of PVC pipe is now added when forming the pump 
supporting slab that serves both as a form for the well opening and prevents water 
from entering the well by extending approximately one inch above the slab. 
In most cases, the wells were not adequately disinfected at the time of pump 
installation. A hand pump technician from the Ministry of Health was responsible 
for installing the pumps and disinfecting the wells. Though properly instructed in 
the correct dosage to "shock" chlorinate the wells, he felt that the increased dosage 
over what he was accustomed to administering was unnecessary. It is felt that the 
technician probably reverted to his own dosage when he was not being closely 
watched. This incorrect technique coupled with the fact that the Dominican 
Republic is underlaid with extensive fractured and fissured limestone and basalt, 
resulted in the analysis showing only one well with a low contamination level after 
pump installation. 
Initial manufacturing problems were resolved through technical assistance and 
the Dominican Republic has officially accepted the AID hand pump for its own use. 
The Ministry of Health has entered an order for 1,000 hand pumps and later 
increased the order to 2,600. Thus, the overall impact of the AID/Georgia Tech 
program for the Dominican Republic is quite sizeable when all of the resulting 
benefits are weighed. 
For 2,600 pumps at $128 each, AID and the Dominican Republic have already 
saved an estimated $450,000 by eliminating imports. The cost of stimulating local 
manufacture and providing quality control technical assistance was $45,000. Thus, 
the net savings of this program to date is over $400,000, and as other organizations 
and private consumers purchase the AID hand pump the net savings will increase. 
For the first time the Dominican Republic can boast complete local manufacturing 
of a heavy duty, low cost, low maintenance hand pump. The project also confirmed 
the soundness of the modifications recommended during testing in Nicaragua and 
Costa Rica. 
FIGURE 10. PRODUCTION OF THE AID HAND PUMP IN THE 
FOUNDRY/MACHINE SHOP, EQUIPO TECNICO INDUSTRIAL 
(DOMINICAN REPUBLIC) 
FIGURE I I. MASS PRODUCED AID HAND PUMPS 
(DOMINICAN REPUBLIC) 
5" Dia. (12.7 cm) PVC PIPE 
9 1/2" (24.13) Dia. 
BOLTS EQUALLY SPACED 
NOTE: All dimensions in inches with metric 
equivalents shown in parentheses. 




REVISION NO. 1 
BY 
DATE 
REVISION NO. 2 
DATE 
SCALE PROJECT NO. 	 SHEET 
TECHNOLOGY APPLICATIONS LABORATORY 
ENGINEERING EXPERIMENT STATION 
GEORGIA INSTITUTE OF TECHNOLOGY 
ATLANTA, GEORGIA 30332 
TITLE 
WELL SLAB FOR HAND DUG WELLS 
FIGURE 12. DIAGRAM OF WELL SLAB FOR HAND-
OPERATED WATER PUMP 

INDONESIA 
The Indonesian AID hand pump program began in early 1978 when Georgia 
Tech personnel visited the country to: 
o Explain the advantages of the AID hand pump to USAID/Indonesia and 
Indonesian government officials 
o Estimate local costs for manufacturing the AID pump and compare with 
costs of purchasing locally available hand pumps (both locally manufac-
tured and imported) 
o Determine whether a market existed in Indonesia for hand pumps and if 
sufficient manufacturing capabilities were available for producing the 
AID pump 
Data gathered from personal observations and very cooperative inputs by 
USAID/Indonesia, the Indonesian Ministries of Industry, Health, and Public Works, 
the World Health Organization (WHO), and CARE led to the conclusions that: 
o The AID hand pump could be manufactured in Indonesia at an acceptable 
level of quality at several foundries and machine shops 
o The AID hand pump could be manufactured at a reasonable cost 
o The need for both urban and rural potable water supply programs 
involving cost-effective hand pumps was overwhelming 
Based on the above findings, an AID/Georgia Tech contract was signed in September 
1978 whereby Georgia Tech would provide technical assistance in producing 60 AID 
hand pumps. These 60 pumps were manufactured, tested, and accepted by Georgia 
Tech personnel for subsequent installation in the field in March 1979. 
In August, 1979 the program was expanded to include: 
o The coordination of manufacture, quality control, and formal acceptance 
of 170 additional deep- and shallow-well AID pumps 
o Site selection and development and installation of 35 AID hand pumps in 
the Bandung area of Indonesia with a I 2-month monitoring/evaluation 
and reporting period 
o Site selection and development and installation of ten AID hand pumps in 
the Jakarta area of Indonesia for a WHO/Ministry of Health independent 
monitoring activity 
o Site selection and preparation, supervision, and installation of 20 AID 
hand pumps in six AID Provincial Development Program (PDP) project 
areas (Bengkulu, Kupang, Semarang, Banjarmasin, Surabaya and Banda 
Aceh) 
o Area assessment and evaluation of the feasibility of the local manu-
facture of the AID hand pump in at least three PDP areas 
o Provision of three AID hand pumps to each of II sites for village 
sanitarian schools as training aids 
The AID hand pumps were manufactured by Celco Technical Industry, Ltd. in 
Bandung at a cost of $50 for the shallow-well pump and $60 for the deep-well 
model. The manufacturer's reluctance to accept quality control techniques 
suggested by project personnel was a major problem. As an example, simple jigs and 
fixtures were made for the manufacturer and not used until project personnel 
threatened to refuse payment for any pumps made without the use of these 
manufacturing aids. As a consequence, the manufacturer began using the jigs and 
fixtures and found that not only was production increased, but quality was consistent 
and pump components became interchangeable. Prior to use of the recommended 
manufacturing techniques, components were somewhat custom-made for each pump 
and if a replacement part was needed, it probably would not fit the pump for which 
it was intended. 
A second quality control problem was due to the manufacturer's reluctance to 
establish adequate inspection procedures during the various production stages, a 
matter that has improved during the project but still is less than desirable. As an 
example, field data showed that the manufacturer neglected to consistently use 
high quality and properly sized leather for the pump's foot valve. Thus, failure of 
this very simple and inexpensive component resulted during use in the field. With 
better inspection procedures, the manufacturer would have prevented these failures. 
Initially, leather cups wore out at an unacceptable rate, but this stopped after 
sand in the newly drilled wells settled down. Project personnel were also able to 
train installation teams to locate the pump cylinder so the presence of the sand 
would be minimized. 
AID hand pumps are presently being installed in six PDP areas, the feasibility 
of manufacturing the pump in three PDP areas is being assessed, and at least one of 
three pumps designated for each of II sanitarian schools is being installed. In 
general, AID pumps installed in the field have responded well with the exception of 
the leather foot valve wearing out too frequently. This problem is being addressed 
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through a better selection of leather and through alternative designs. Prospects for 
wide use of the AID pump now appear promising, as CARE has installed over 200 of 
these pumps and ordered 200 more for its own rural water supply programs. ADB is 
considering its use for 3,000 wells in the Sulawesi region. Other organizations are 
expected to use the pump as additional foundries are identified and exposed to the 
marketability of the pump. It is noteworthy that at one test site, villagers have 
taken up a collection and purchased three more pumps, developed well sites, and 
installed the pumps themselves. 
CARE is providing villagers in the Bandung area with a set of tools and spare 
parts and training them in repair and maintenance. To date, the villagers are 
maintaining the pumps with minimal supervision by CARE personnel. As time goes 
by, the villagers should increase their maintenance and repair competency and are 
expected to be self-sufficient by the time the project terminates. This is a 
remarkable feat and CARE is to be congratulated for its endeavors. 
FIGURE 13. MR. TANO 	T. 	JAKRASASMITA, THE 
OWNER/MANAGER OF CELCO TECHNICAL INDUSTRY, 
DISPLAYS HIS WOODEN PATTERNS OF THE AID HAND 
PUMP (INDONESIA) 
FIGURE 14. A TYPICAL INSTALLATION PHASE OF THE AID 
HAND PUMP PROGRAM (INDONESIA) 
SRI LANKA 
In October 1979, Georgia Tech engineers were chosen to determine the 
feasibility of locally manufacturing the AID hand pump as well as other equipment 
applicable to water supply programs in Sri Lanka. Along with the AID hand pump, 
the investigation centered around the use of Robo devices developed by University 
of Maryland rural water supply specialists. This equipment includes the Robovalve, 
the Roboscreen, and the Robometer. The Robovalve is a plastic faucet that shuts 
off automatically to prevent water waste and associated health problems due to 
improper drainage. The Roboscreen is a plastic well screen/filter for removing 
suspended contaminants. The Robometer is a user-activated, pay-as-you-go water 
meter that reduces administrative costs by eliminating meter readers. The Robo 
devices were included in the Sri Lanka program to demonstrate their potential for 
local manufacture and applicability to rural water supply programs in developing 
countries. 
In order to determine the manufacturing capabilities in Sri Lanka, project 
personnel visited wholesale and retail establishments, foundries, machine shops, and 
plastics manufacturers. Sri Lanka was found to be an ideal country for introduction 
of the AID hand pump since local manufacturers offered an attractive price and had 
the capability to manufacture a quality pump. Furthermore, the Government of Sri 
Lanka was committed to the goals of the United Nations Water Decade, and 
international development agencies concerned with Far East countries were gearing 
up for large programs in water and sanitation. 
Well screens in Sri Lanka were seldom used, even with large capacity well 
installations, and thus the market was small for such technology as the Roboscreen. 
Manufacturing capabilities did exist, but manufacturer's quoted prices appeared to 
be unreasonably high. 
Water faucets were available at hardware stores, but the bulk of these faucets 
were expensive and of poor quality. The Robovalve was an excellent alternative for 
replacing existing faucets because of its superior design, but quoted prices for its 
local manufacture also appeared to be unreasonably high. 
Price quotes were not obtained for the Robometer because a prototype was 
not available, but there were sufficient plastics manufcturers, foundries, and 
machine shops to produce such an item in Sri Lanka. It was felt that the Robometer 
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would be applicable in existing and upcoming piped water programs, most of which 
included the user paying for the water. Historically, in cases where there was a 
charge for water and meters were used to measure consumption, there was a 
problem of revenue collection that the Robometer could reduce or eliminate. 
Meters presently used were imported and cost anywhere from $150 to $300 while the 
Robometer production cost was estimated to be between $12 and $20. 
Based on the above findings, USAID/Sri Lanka contracted with Georgia Tech in 
March 1980 for an AID hand pump program comprised of two tasks. The first task, 
still underway, calls for the following: 
o Subcontract a selected Sri Lankan foundry to manufacture at least 88 
AID hand pumps 
o Provide working drawings and prototypes of the AID pump and sufficient 
technical assistance to insure high quality finished products 
o Provide technical assistance in quality control 
o Formally accept and certify all AID hand pumps manufactured 
A contract was signed in March 1980 with a foundry and machine shop, Somasiri 
Huller Manufactory, for the production of 90 AID hand pumps. The contract calls 
for 45 shallow-well pumps at a unit cost of $78 and 45 deep-well pumps at a unit 
cost of $84. Working drawings, prototypes of the pump, and technical assistance 
have been supplied the manufacturer. Somasiri Huller is still working to complete 
the order because of a backlog of production, but the pumps produced thus for are of 
excellent quality. Other organizations such as a British consulting firm and UNICEF 
are waiting to enter orders for the AID hand pump for their own use. 
While Somasiri Huller initially agreed to manufacture the AID pumps at $78 
(shallow-well) and $84 (deep-well), experience with the finished pumps has shown 
that these prices were underestimated. The contract with the manufacturer has 
now been amended to reflect a price of $160 per pump (shallow-well or deep-well). 
Despite the fact that this $160 figure is twice the original estimate, it is still 
attractive as an alternative to the only other hand pump being used in Sri Lanka, the 
India Mark II, which costs slightly over $300 delivered. 
As mentioned previously, the AID hand pumps produced thus far are of 
excellent quality and the second task of the project has begun. This task calls for: 
o Installing the completed AID hand pumps in five major areas over newly 
prepared or reconditioned existing wells 
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o Disinfecting well waters with a chlorine-yielding compound 
o Analyzing well waters for water quality 
o Providing spare parts and training in hand pump maintenance procedures 
to village caretakers. 
o Monitoring and evaluating pump performance to provide quality control 
information to the manufacturer 
By December 1981, Somasiri Huller should be capable of producing the AID hand 
pump at a high level of quality without external technical assistance and able to 
supply national and international organizations on a large-scale basis. However, to 
meet the demand from these organizations, Somasiri Huller will have to increase 
production capacity or a second supplier will have to be developed. 
FIGURE 16. AID HAND PUMP COMPONENTS AFTER CAST-
ING (SRI LANKA) 
-Mr- -.11■11.- 
FIGURE 15. A PARTIAL MOLD PREPARED FROM THE 
PATTERN OF THE AID HAND PUMP SPOUT. MOLTON IRON 
WILL BE POURED INTO IT FOR CASTING OF THE PUMP 
COMPONENT (SRI LANKA) 
FIGURE 17. SERUPITA, SRI LANKA VILLAGERS HELP 
DEVELOP AN EXISTING WELL FOR INSTALLATION OF TWO 
AID HAND PUMPS 
FIGURE 18. SLAB FOR AID HAND PUMPS (SRI LANKA) 
FIGURE 19. FINAL TOUCHES ADDED TO THE SLAB AT 
SERUPITA (SRI LANKA) 
FIGURE 20. AID HAND PUMPS INSTALLED AND READY 
FOR HEAVY USAGE (SRI LANKA) 
TUNISIA 
In April 1980, a Georgia Tech team visited Tunisia to determine the feasibility 
of locally manufacturing AID hand pumps and Robo devices. Field trips at that time 
indicated a serious lack of adequate water supplies in rural areas. Where sources of 
water were available, rural citizens traveled long distances to water their livestock 
and gather water of questionable quality for domestic use. In many cases, the 
volume was insufficient to meet the demand. 
Surveys of Tunisian foundries, machine shops, plastics manufacturers, and 
retail hardware stores indicated that local manufacture of the AID hand pump and 
the Robo devices was both technically and economically feasible as a viable 
alternative to expensive imports. One foundry, Les Founderies Reunies, was chosen 
to manufacture a quality AID hand pump at an attractive unit price of $232. The 
imports being considered by the Government of Tunisia, USAID/Tunisia, and CARE 
were the U.S. manufactured Moyno at $500 and the French manufactured Vergnet at 
$800. Two plastics manufacturers, Societe des Applications Plastique and Inoplast, 
were determined to be capable of producing Robo devices. In particular, Societe des 
Applications Plastique seemed well-suited to manufacture the Robovalve and 
Inoplast had the expertise and equipment to fabricate the Roboscreen. 
In August 1980, a contract was signed between USAID/Tunisia and Georgia 
Tech to provide technical assistance to the Government of Tunisia and 
USAID/Tunisia in manufacturing AID hand pumps, Roboscreen, and Robovalves. The 
contract also called for testing the products under conditions existing in Tunisia. 
More specifically, Georgia Tech was to carry out the following program of work: 
o Provide technical assistance to USAID/Tunisia, the Government of 
Tunisia, and private volunteer organizations (PVO's) implementing rural 
water supply programs 
o Oversee production of 40 AID hand pumps, 200 Robovalves, and 500 feet 
of Roboscreen 
o Provide working drawings, prototypes, and technical assistance in proper 
production techniques and quality control 
o Inspect, test, and accept the AID hand pumps, Robovalves, and Robo-
screen 
o Develop at least ten sanitary wells and upper structures, install AID hand 
pumps and Roboscreen, disinfect well waters, and determine chlorine 
residuals 
o 	Monitor and evaluate performance of the AID pumps, Robovalves, and 
Roboscreen 
o 	Provide feedback to manufacturers for quality control 
In September 1980, an order was placed with Les Founderies Reunies for 40 
AID hand pumps at a unit cost of $232. This price will be adjusted before final 
payment is made because of modifications requested by USAID/Tunisia and CARE. 
The traditional AID deep-well hand pump has previously been manufactured with a 
three inch inside diameter cylinder that is connected to the pump by a 11/4 inch 
drop pipe during installation. In Tunisia, this approach was not thought to be 
practical because of the difficulty in removing the piston assembly for periodic 
changing of leather cups that normally requires two to three hours. Consequently, 
the AID pump manufactured in Tunisia will have a 2.1 inch diameter PVC drop pipe 
that also serves as a cylinder. This allows leather cups to be changed by removing 
the pump cap and pulling the piston assembly up through the drop pipe and pump, 
changing the leather cups, and replacing the piston assembly back through the pump 
body and into the drop pipe. This approach should enable maintenance crews to 
change leather cups in less than 30 minutes. 
In January 1980, Les Founderies Reunies presented a production prototype of 
the AID hand pump to AID/Tunisia and Georgia Tech personnel for approval before 
going into regular production. The prototype was mounted over a drum of water and 
thoroughly tested. After a complete inspection, it was concluded that the pump was 
of very good quality and should perform well in the field. Approval was then given 
to proceed with the production of the 40 ordered pumps, which will be ready for 
installation in April 1981. 
A public standpost model of the Robovalve has been field tested in Tunisia 
from models supplied by AID/Washington. While field test data has shown some 
design problems, it is felt that, with certain modifications, an order for 200 valves 
can be placed in the near future with Societe des Applications Plastique. Societe 
des Applications Plastique has a quality-conscious operation that includes in its 
product line items from cigarette lighters to plastic tables and chairs. Plastic 
containers are also produced that are adaptable to household water containers with 
purification units. Production equipment and machinery are new, in good condition, 
and well laid out in the plant for efficient operations. Therefore, it is expected that 
this company will produce a quality Robovalve once an order is placed even though 
quality control technical assistance will be required. 
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During April and May 1981, the AID hand pumps will be installed in the field 
after capping preselected existing wells. Installation will be a joint effort of 
Georgia Tech, CARE, and Ministry of Agriculture personnel. If the pump performs 
as expected, the Government of Tunisia and CARE will use it in future hand pump 
programs. At the same time the AID hand pumps are being installed, production 
orders will be placed for manufacturing the Robovalves. Because of a reluctance by 
Tunisian Ministry of Agriculture engineers to accept the concept of plastic well 











AID HAND—OPERATED WATER PUMP, DROP PIPE AND PISTONS 
ASSEMBLY MANUFACTURED IN TUNISIA 
NOTE: PVC DROP PIPE SERVES AS 
CYLINDER HOUSING FOR 
PISTON ASSEMBLY 
Figure. 	22 
TYPICAL AID HAND—OPERATED WATER PUMP 
INSTALLATION IN TUNISIA 

ECUADOR 
In August 1980, a Georgia Tech team visited Ecuador to determine the 
feasibility of locally manufacturing the AID hand pump, Roboscreen, Robovalve, and 
Robometer. The study revealed that much could be done to improve living 
conditions for Ecuadorian citizens, especially those in the rural areas, by providing 
safer and more convenient water. 
The leading causes of death in Ecuador were found to be related to under-
development and poor environmental conditions, and were often preventable. Even 
though the country's health status was related to many socioeconomic factors, 
environmental sanitation and water supply had the most widespread impact. In 
1978, household connections to public water systems supplied most of the urban 
population, but for over half of the population living in the rural areas, coverage was 
a dramatically low 16%. Therefore, the effect of lack of access to potable water on 
health and overall economic development was found to be substantial. The 
Government of Ecuador and development agencies such as USAID/Ecuador, CARE, 
and the Community Development Department of Voz Andes Hospital were working 
toward improving these conditions. Because of this interest and a great need for an 
improved water supply in Ecuador, it seemed natural to stress local manufacture of 
as much of the needed hardware as possible. 
In September 1980, a contract was signed between AID and Georgia Tech to 
provide technical assistance to the Government of Ecuador and USAID/Ecuador in 
locally manufacturing AID hand pumps, Robovalves, and Roboscreen and assuring 
their applicability for introduction into bilateral health projects. The contract, still 
current, is to: 
o Oversee production of at least 100 AID hand pumps, 2000 Robovalves, 
and 1,000 feet of Roboscreen 
o Provide working drawings, prototypes, and technical assistance in proper 
production techniques and quality control 
o Inspect, test, and accept the finished AID hand pumps and Robo devices 
before installation in the field 
o Train recipient organizations in the proper sanitary preparation of wells, 
equipment installation techniques, disinfection of water, bacteriological 
water analysis, and maintenance and repair of AID hand pumps 
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A contract has been signed with the Escuela Politecnica Nacional for the 
manufacture of the AID pumps at $150 per pump. The first order should be ready 
for installation in the field by May 1981. A contract has also been signed with an 
Ecuadorian plastics manufacturer, Industrias I.E.P.E.S.A., for injection molding 
Robovalves, Roboscreen, and pump cylinders. The unit cost of the Robovalves will 
be $1.75, the Roboscreen will cost $1.36 per linear foot for two inch inside diameter 
and $2.82 per linear foot for four inch inside diameter, and the pump cylinders will 
be $2.21 each excluding end caps and foot valve. 
The AID hand pump will be manufactured to the same specifications as 
previously described except that the pump cylinder will be injection molded ABS 
plastic rather than PVC extruded pipe. This design change is required because PVC 
pipe could not be purchased in the desired diameter and wall thickness. This change 
is actually quite attractive since ABS has a lower coefficient of friction and is 
harder than PVC which should result in longer life for the leather cups and lessened 
susceptibility to abrasive materials such as sand for the pump cylinder. 
In June 1981, the AID hand pumps and the Robo devices will be installed in 
rural areas of Ecuador by the following organizations: 
o CARE 
o Peace Corps 
o Voz Andes Hospital 
o Ecuadorian Institute of Sanitary Works (a department of the Ministry of 
Health) 
o Center for the Rehabilitation of Manabi (a provincial government 
development authority) 
Training in site selection, well preparation, equipment installation techniques, 
proper disinfection of water, bacteriological water analysis, and maintenance and 
repair will be provided by Georgia Tech personnel. 
These activities should result in national acceptance of the AID hand pump and 
the Robo devices into future Ecuadorian rural water supply programs. In June 1981, 
the first lady of Ecuador, Mrs. Martha de Roldos, will participate in a ceremony 
announcing the production of the first AID hand pump in Ecuador as a continuing 
commitment to rural development by the President. 
OTHER COUNTRIES 
Honduras, the Philippines, Bolivia, Togo, Benin, and Liberia have been 
surveyed by Georgia Tech to determine if the AID hand pump is appropriate and can 
be manufactured at a competitive cost. Manufacturing, field testing, and pump 
performance monitoring and evaluation activities are expected to begin in Honduras 
and the Philippines soon due to positive results from the surveys and interest on the 
part of the respective AID missions and host country organizations in promoting the 
AID hand pump's local manufacture. AID hand pump programs have not material-
ized in Bolivia, Togo, Benin, and Liberia. 
In Bolivia, the need for hand pumps was great with an immediate market 
demand of over 9,000 units in April 1979 and sufficient manufacturing capabilities 
existing to produce the AID hand pump at a cost of approximately $70 each. 
However, the majority of the hand pumps being installed in Bolivia in 1979 were part 
of the Ingavi Integrated Rural Development Project and utilized the Ingavi hand 
pump, which was locally manufactured, inexpensive ($57), and easily maintained. 
The AID hand pump had certain advantages over the Ingavi hand pump as it was 
more suitable for deeper wells, sturdier, and probably more cost-effective over long 
periods of time. However, the Government of Bolivia was committed to using the 
Ingavi hand pump because it had been developed by the World Bank for its programs, 
which represented most of the rural water supply programs at that time. Under 
these circumstances it would have been needless and difficult to introduce another 
hand pump. 
Togo and Benin were analyzed in June 1979 to determine the feasibility of 
locally manufacturing the AID hand pump. The majority of the rural villagers could 
be served by providing 8,000 pumps in Togo and 11,000 pumps in Benin. The 
necessary machine shops and foundry skills were available for manufacturing the 
pump. However, the AID pump was not considered appropriate for these countries by 
AID and national government officials because the wells in Togo and Benin were 
extremely deep. The majority were between 100 to 300 feet and the AID pump 
could only be used to a maximum of 150 feet (with a 2-3 inch cylinder). Using a 
hand-operated water pump at depths greater than 150 feet might be desirable but 
was beyond the limits of most reciprocating type hand pumps. As a result, two U.S. 
Moyno rotary hand pumps were installed in each country for demonstration and trial 
purposes. Even this type of pump was beyond practical human energy limits of the 
strong, well-built men in Togo and Benin. The Liberty hand pump used in the 
Philippines would be most applicable in Togo and Benin since it has a wooden handle 
20 to 30 feet in length for the extra leverage needed in such deep wells. The 
Liberty could pump routinely from 300 to 600 feet using a train of seven leather cup 
piston assemblies with a one-inch diameter drop rod. 
Liberia was also investigated for possible local manufacturing of the AID hand 
pump. However, there were no foundries and machine shops with adequate 
manufacturing equipment and skills for producing such a product. 
FIGURE 23. AN INGAVI HAND PUMP INSTALLED IN THE COMMUNITY OF ACHICA 
ARRIBA IN THE PROVINCE OF INGAVI, BOLIVIA 
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TECHNOLOGY TRANSFER METHODOLOGY 
Georgia Tech has been heavily involved in international technology transfer 
programs for the past 17 years. These programs have included assistance to 
governments and development institutions worldwide in planning and implementing 
industrial and economic development projects. Georgia Tech has also participated 
in small industry development and assistance programs, economic development 
training, technical information service to industry, and feasibility and market 
studies. A continuing involvement with technology transfer is a major part of 
Georgia Tech's commitment to improving the quality of life in less developed 
countries. Technology transfer implies not only the adaptation of technology to 
existing environmental conditions, but also the maximum utilization of local 
resources, the stimulation of initiative and innovation, and the development of 
logistical support within a basic cost-effective framework. The AID hand pump 
programs at Georgia Tech have met these criteria and a methodology has been 
devised for working with private sector manufacturers and cooperating government 
organizations to stimulate the local fabrication, installation, and monitoring of 
water and sanitation technology. 
This methodology is not complicated and can be easily applied in a variety of 
countries and with a variety of different devices. The AID hand pump programs 
have begun with a determination of applicability of the technology to be trans-
ferred. This phase has included investigating such factors as the need for water 
supply programs, population densities, and the existence of private or government 
infrastructures that have the capabilities and the resources for developing water 
supply programs. The demand for hand pumps is compared to existing or potential 
supply sources. Local manufacturing capabilities are analyzed for the level of 
expected quality at a price competitive with other available hand pumps. 
If the first phase is positive, the second phase is implemented that involves a 
relatively small production run to test the true capabilities of the manufacturer. 
During this phase, the manufacturer is supplied with working drawings, prototypes, 
and technical assistance in production techniques and quality control procedures. 
Manufacturing cost data is recorded to assure the manufacturer that it is possible to 
produce the hand pump and realize a profit. During the different stages of 
production, quality control checks are required. Completed pumps are tested 
in-plant for overall performance and if found to be satisfactory, they are installed 
in the field for performance monitoring and final evaluation. As manufacturing 
defects are discovered during field testing, information is fed back to the manu-
facturer and methods are formulated for correcting the manufacturing problems. 
Field testing is a necessity for "debugging" the newly manufactured AID hand 
pumps, as well as having other valuable benefits. Since wells must be developed, 
well waters properly disinfected and analzyed chemically and bacteriologically, 
pumps installed over the well, and maintenance and repair provided, the hand pump 
recipients are given on-the-job training in each of these activities. 
The use of host country counterparts should be mentioned, as they have played 
a major role in each country. The counterpart organizations are in-country 
international, national, or regional governmental agencies, development institutions, 
and/or PVO's that allow Georgia Tech more efficient utilization of funds. These 
counterparts carry out the day-to-day operations of the project while Georgia Tech 
personnel provide the technical and project management resources necessary to the 
success of the project. At the same time, they provide established working relation-
ships with existing communities, industries, lending institutions, and government 
departments that save considerable time and effort when establishing operations in 
a new country. 
Host country counterparts that have participated in the hand pump programs 
are CARE (Indonesia, Tunisia, and Ecuador), the Peace Corps (Nicaragua and 
Ecuador), Ministries of Health (Nicaragua, Costa Rica, Dominican Republic, 
Ecuador, and Indonesia), Ministry of Agriculture (Tunisia), the Central American 
Research Institute for Industry (Nicaragua, Costa Rica, and Ecuador), Voz Andes 
Hospital's Community Development Department (Ecuador), and AID Missions in all 
countries where the programs have been carried out. Without these organizations, 
the success of the AID hand pump programs would have been more difficult and 
extraordinarily high in cost. 
Through its methodology, Georgia Tech has concluded that the AID hand pump 
can be manufactured in many developing countries at a competitive price when 
compared to imported hand pumps. The AID pumps have exhibited excellent 
operational and maintenance characteristics and the designs have proven to be 
readily usable and culturally acceptable in all field situations. 
Much detailed work is involved in initiating the local manufacture of any 
product such as the AID hand pump in developing countries. Manufacturers must be 
assisted in reaching a satisfactory level of quality control, and developing country 
implementing organizations must be made fully aware of the hand pump's capabili-
ties and problems. Programs of this type require patient, prolonged, and under-
standing work with the personnel of a variety of private, government, and 
international organizations to share the knowledge and techniques of industrial 
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Summary 
In September 1976, the Engineering Experiment Station, Georgia Institute 
of Technology (Georgia Tech) entered into an agreement with the Agency for 
International Development (AID) to evaluate (1) the performance and accepta-
bility of a hand-operated water pump, previously designed for AID, in com-
parison with other pumps used in developing countries, and (2) the feasibility 
of local manufacture of the AID pump. This program has involved Georgia Tech 
in planning, installing, monitoring, and reporting upon a field test of the 
AID pump in Costa Rica and Nicaragua, using a counterpart organization, the 
Central American Research Institute for Industry (ICAITI, El Instituto Centro-
americano de Investigacion y Tecnologia Industrial). 
Costa Rica and Nicaragua were chosen as test countries because of size-
able loans that had been made to them by AID and because of their need for 
an expanded water-pump program. Provisions of the loan specifically included 
installation of water pumps on a large-scale basis, and it was felt that using 
Costa Rica and Nicaragua as test countries would enable them to get a better 
start on their own programs. Ministry of Health and AID officials also 
strongly felt that local manufacturing offered by the Georgia Tech/ICAITI 
program had many advantages that should be included in each country's respec-
tive loan program (mainly employment generation and spare parts availability). 
Active work began in Costa Rica in January 1977, when AID/Washington and 
Georgia Tech jointly agreed that Costa Rica and Nicaragua should be the test 
countries for the program described herein. A machine shop, subcontracting 
to a local foundry for iron castings, was contracted with for the manufacture 
of 20 AID pumps (eleven deep-well and nine shallow-well) which were produced 
and delivered to a Ministry of Health warehouse for storage, prior to installa-
tion, in April. Two different kinds of pumps were chosen to compare the AID 
pump with: a Dempster model 210F and a Japanese Kawamoto Daiichi "Lucky" pump. 
Thirty sites, representative of Costa Rica, were chosen to receive the test 
pumps (15 AID pumps and 15 competitive pumps), all of which already had in-
stalled pumps varying in condition from broken to fully operational. Wells 
were randomly tested by chemical and bacteriological analyses prior to test-
pump installation and found to contain large amounts of intestinal bacteria, 
indicating that contamination was not being sealed off from the water. Pumps 
are now being installed, the wells are being disinfected with a chlorine-
yielding compound, and the contamination sources are being sealed off (bacteri-
ological testing will continue throughout the project to determine if the 
contamination is, in actuality, being sealed off). The monitoring of pump 
performance for a 12-month period is now under way and will continue through 
July 1978. 
Program activities also began in Nicaragua in January of this year. A 
local foundry was chosen to manufacture 20 AID pumps (eleven deep-well and 
nine shallow-well) which were produced and delivered to a Ministry of Health 
warehouse for storage, prior to installation, in May. Three kinds of pumps 
were chosen to compare the AID pump with: Dempster, a Brazilian Marumby 
pump, and a pump developed by the International Development Research Centre 
(IDRC) of Ottawa, Canada. Thirty sites, representative of Nicaragua, were 
approved to receive the test pumps (15 AID pumps and 15 comparative pumps), 
all of which required extensive preparatory work before pumps could be in-
stalled. Pumps are now being installed, and the wells are being disinfected 
with a chlorine-yielding substance. As in Costa Rica, the sites have been 
randomly sampled for chemical and bacteriological analysis prior to installa-
tion of test pumps and show intestinal bacteria, requiring further testing to 
determine if the contamination is being sealed out by the addition of a closed 
well and the use of a hand pump for lifting the water. The 12-month monitoring 
period has begun and will continue through July 1978. 
There are no indications at the present time that would discourage fur-
ther manufacture, installation, or use of the AID pump in Costa Rica or 
Nicaragua. The AID pump can be manufactured in a developing country at a 
competitive, profitable price and at an acceptable level of quality if adequate 
facilities are available; however, the availability of adequate foundry facil-
ities is a matter that must be determined for each individual developing 
country. Public acceptance by rural villagers has been good, both from an 
aesthetic standpoint and from a standpoint of the pump being used easily by 
men, women, and children. The AID pump is also very marketable if distribu-
tion channels and financial resources within the developing countries allow 
its purchase and installation, either by federal governments or by private 
citizens affluent enough to purchase and install the pump. Lastly, the AID 
pump should have a positive impact in developing countries on the health of 
rural people, on employment generation, and on instilling national pride with-
in the people when it is seen that these countries do have local capabilities 
for manufacturing a complicated product rather than importing it. 
INTRODUCTION 
In September 1976, the Engineering Experiment Station, Georgia Institute 
of Technology (Georgia Tech) entered into an agreement with the Agency for 
International Development (AID) to evaluate (1) the performance and accept-
ability of a hand-operated water pump, previously designed for AID, in com-
parison with other pumps used in developing countries, and (2) the feasibility 
of local manufacture of the AID pump. This program has involved Georgia Tech 
in planning, installing, monitoring, and reporting upon a field test of the 
AID pump in Costa Rica and Nicaragua, using a counterpart organization, the 
Central American Research Institute for Industry (ICAITI, El Instituto Centro-
americano de Investigacion y Tecnologia Industrial). 
Organizationally, Georgia Tech has had overall responsibility for the 
AID water-pump field testing. Members of the Engineering Experiment Station 
have been, and are currently, involved in national and international programs 
of community and area development, management and technical assistance to 
business and industrial firms, industrial and economic development training, 
market analyses, studies of new manufacturing opportunities, manpower re-
sources and labor productivity, stimulation of small-scale industry, tech-
nology assessment, development and conservation of energy resources, housing 
resources, industrial economics, economic uses of industrial wastes, adaptive 
technology research and development, audiovisual presentations and multimedia 
documentation, and professional guidance in planning industrial and economic 
development programs. 
ICAITI, chosen as a Central American counterpart to enable efficient 
utilization of travel funds, to provide quick response to AID and to the 
Ministries of Health in Costa Rica and Nicaragua, and to take full advantage 
of its established working relationships with existing communities, indus-
tries, lending institutions, and governmental departments of Costa Rica and 
Nicaragua, is very similar to the Engineering Experiment Station. For more 
than 14 years, ICAITI has made significant contributions to the industrial 
development of Central America and has also completed a considerable number of 
related projects that have aided in the accomplishment of this program. 
The program, more specifically, consists of participation by Georgia 
Tech and ICAITI in the following activities: 
1. Providing technical assistance for selected foundries and machine 
shops to locally manufacture the AID pump. 
2. Purchasing the AID pump and comparative pumps available on the 
local, open market. 
3. Selecting 60 field-test sites for installation of 30 AID pumps and 
30 locally-available pumps (30 sites to be located in each of the 
two test countries). 
4. Determining the quality of water through chemical and bacterio-
logical analysis. 
5. Preparing sites (preparing new wells or rehabilitation of existing 
wells, as necessary). 
6. Installing pumps. 
7. Monitoring pump performance for a 12-month period. 
8. Collecting and analyzing field data. 
In gathering and analyzing data on the AID pump, seven areas have been 
of major concern: 
1. Operational performance in the field. 
2. Maintenance requirements and pump reliability. 
3. Competitive cost and analysis of the economics of in-country 
manufacturing. 
4. Manufacturing problems encountered. 
5. Needed design changes and future utilization. 
6. Public acceptance and marketability. 
7. AID pump design characteristics and specifications. 
COSTA RICA 
It is universally accepted that an adequate supply of water for drinking, 
personal hygiene, and other domestic purposes, and an adequate means of waste 
disposal are essential to public health and well-being. Unfortunately, vast 
numbers of people in the developing world, most of them living in rural areas, 
do not have access to a safe and convenient source of water. When safe and 
convenient sources are available, satisfactory sewage disposal facilities 
normally are still unavailable. 1/ 
Costa Rica was chosen as a test country because of a sizeable loan that 
had been made to that country by AID and because of the country's need for 
an expanded water-pump program. Provisions of the loan specifically included 
installation of water pumps on a large-scale basis, and it was felt that 
using Costa Rica as a test country would enable that country to get a better 
start on its own program. Costa Rican Ministry of Health and AID officials 
also strongly felt that local manufacturing offered by the Georgia Tech/ICAITI 
program had many advantages that should be included in the Costa Rican loan 
program (mainly employment generation and spare parts availability). 
One aspect of this project that has been obvious from the beginning is 
that, even though Costa Rica is a developing country, it is much more devel-
oped than Nicaragua, and this shows up in the availability of potable water 
supplies for the two countries. For instance, based on early surveys, repre-
sentative test sites chosen for this project show an average usage by approx-
imately 75 persons in Costa Rica and 150 persons in Nicaragua. In Costa Rica, 
most communities of 250 inhabitants or more have some form of piped water 
system, while in Nicaragua, the size of the community will usually exceed 
2,000 inhabitants before piped water is found. In Costa Rica, most communities 
will have at least one well with a pump, if not piped water, and in Nicaragua, 
springs, rivers, and open, dug wells are the common sources of water. Costa 
Rica has a greater degree of electrification in rural areas, allowing the in-
stallation of motorized pumping systems that are not possible in many areas of 
Nicaragua. Further, the Ministry of Health in Costa Rica has had a hand-pump 
water program for some fifteen years, while Nicaragua is just now in the begin-
ning stages of such a program. 
1/ Robert J. Saunders and Jeremy J. Warford, Village Water Supply, 
(Baltimore, Maryland: The Johns-Hopkins University Press, 1976), p. 3. 
This does not mean that Costa Rica is without a need for improvement in 
its potable water delivery system. The Ministry of Health, for instance, 
estimates that, at the present time, as many as 47,000 hand-operated water 
pumps are needed to provide a suitable water supply to the country's rural 
citizens. Further, many existing water pumps are inoperable because of a 
lack of maintenance and, where there are functioning pumps, many of the well 
structures are poorly designed and ineffective in sealing out contamination. 
Active work began in Costa Rica in January 1977, when AID/Washington 
and Georgia Tech jointly agreed that Costa Rica and Nicaragua should be the 
test countries for the program described herein. A machine shop, subcon-
tracting to a local foundry for iron castings, was contracted with for the 
manufacture of 20 AID pumps (eleven deep-well and nine shallow-well) which 
were produced and delivered to a Ministry of Health warehouse for storage, prior 
to installation, in April. Two different kinds of pumps were chosen to compare 
the AID pump with: a Dempster model 210F and a Japanese Kawamoto Daiichi 
"Lucky" pump. Thirty sites, representative of Costa Rica, were chosen to re-
ceive the test pumps (15 AID pumps and 15 competitive pumps), all of which 
already had installed pumps varying in condition from broken to fully opera-
tional. Wells were randomly tested by chemical and bacteriological analyses 
prior to test-pump installation and found to contain large amounts of intestinal 
bacteria, indicating that contamination was not being sealed off from the water. 
Pumps are now being installed, the wells are being disinfected with a chlorine-
yielding compound, and the contamination sources are now being sealed off (bac-
teriological testing will continue throughout the project to determine if the 
contamination is, in actuality, being sealed off). The monitoring of pump 
performance for a 12-month period is now under way and will continue through 
July 1978. 
Manufacture of AID Pumps  
A contract was signed with Mecanizados Mofama, S.A., located near San 
Jose, on January 28, 1977, for the manufacture of nine shallow-well type AID 
pumps and eleven deep-well type AID pumps. The prices of the pumps were as 
follows: 
Shallow-Well 	 $ 98 (each) 
Deep-Well 	 128 (each) 
Patterns 	 498 (one-time charge only) 
The pumps were manufactured according to the AID-approved drawings con-
tained in the appendix to this report and with the following additional in-
structions: 
1. The plunger rod was to be made from one-half inch diameter rod, 
rather than seven-sixteenths inch, because of difficulty in locating 
a reliable supply of seven-sixteenths inch stock. The pump rod 
nut, the rod end, and the plunger assembly were also changed to 
accommodate the one-half inch plunger rod. 
2. The handle pivot pins were to be hardened to 40 Re and steel bushings 
(60-64 Re ) inserted in the pump handle holes. By taking this ap-
proach, the pins are expected to wear out before the handles, allow-
ing easier repairs at the least cost. 
3. For the shallow-well pump, the three-inch support pipe was inter-
nally coated with epoxy for a smoother-surfaced cylinder finish. 
Option A (drawing No. 2001), using the bolted pump cap, was chosen 
in preference to a pin-mounted pump cap. 
4. For the deep-well pump (drawing No. 2002), Option A was chosen, 
using the bolted pump cap in preference to a pin-mounted pump 
cap. The pump cap was modified, further (the following pages 
contain working drawings of the modifications), because of concern 
by the manufacturer that he could not cast this particular parL. 
The pump cylinder was to be constructed from standard PVC pipe. 
In addition to the above, all pumps were painted with an anticorrosive 
coating and consecutively numbered for identification purposes. Other than 
the pump cap, no unusual manufacturing problems were encountered besides 
those to be expected from unfamiliarity with the pump itself on the first 
production order. If a sample of the pump cap specified by the drawings had 
been available for the manufacturer, it is felt by this author that the manu-
facturer could have easily produced the proper cap. 
It should be noted that the foundry producing the castings had no labora-
tory facilities and used scrap metal as the source of raw materials. High-
quality castings require a level of technology not generally expected to be 
found in developing countries and, without this technology, quality (such as 
degree of hardness) will vary from pump to pump and from one production order 
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to the next. The pump castings produced in Costa Rica appear to be rough 
in texture but adequate for that which they were intended. 
Comparative Pumps  
Two pumps were chosen for comparison with the AID pumps manufactured in 
Costa Rica, a Dempster 210F pump and a Japanese Kawamoto Daiichi "Lucky" pump. 
The Dempster model is considered one of the best pumps in the world, has the 
cylinder below water level so that it can be used for wells of shallow or 
deep depth, and costs approximately $257 in Central America, delivered (the 
$257 includes both the pump and the cylinder). The "Lucky" pump is for 
shallow wells only (25 feet or less, in depth), appears to be of good quality, 
has a porcelain-lined cylinder, and costs approximately $63 in Central America, 
delivered. 
Field Test Sites 
Table 1 shows those sites selected for the field testing in Costa Rica 
and which were chosen primarily because of their relative high usage and 
accessibility. All sites were existing wells, dug (rather than drilled), 
and were equally divided between deep wells (as used herein, more than 25 
feet in depth) and shallow wells (25 feet or less in depth). The average site 
had been used by 75 persons and already had an existing pump, with the condi-
tion of the pump varying from broken and inoperable to good. The general 
areas of site concentration are in the northwestern quadrant of Costa Rica 
in the vicinity of Nicoya, Santa Cruz, Liberia, and Las Canas, and the eastern 
area of Limon (see Map 1). 
Selection of the sites was made during the dry season months of January, 
February, and March so that the water column figures would indicate annual 
low-water levels. However, the dry season of 1976-1977 has taken its toll 
on the sites, and, by the middle of May, many of the sites had dried up 
completely and must be deepened before all pumps can be installed. In some 
cases, the wells have been dug as deeply as possible and now must either be 
drilled deeper, or substitute sites must be found. 
By June 1, 1977, approximately one-half of the 30 test pumps had been in-
stalled without any significant problems, and the balance of the pumps has 
been scheduled for installation during the month of June. All installed 
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Bristol (Square No. 1) 




Zent (Sr. Pedro Bustos) 
Zent (Sr. Mariano Grijado) 
Zent (schoolhouse) 
El Brillante 
Judas de Chomes 
La Palma de Abangares 
San Joaquin de Abangares 
Pueblo Nuevo de Abangares 
San Buena Ventura de Colorado 
Penas Blancas de Colorado 
Nicoya (Barrio San Martin) 
Curime de Nicoya 
Caimitalito de Nicoya 
Conjunto IMAS, El Torito, Samara 
Terciopelo de Nicoya 
San Francisco de Santa Cruz  
Hernandez de Santa Cruz 
Villa Real de Santa Cruz No. 1 
Villa Real de Santa Cruz No. 2 
Villa Real de Santa Cruz No. 3 
Los Pargos de Santa Cruz 
San Jose de Pinilla 
Pijije de Bagaces 





































































































































































































































































lAssumed deep: well sealed, depth unknown. 
2Assumed shallow: well sealed, depth unknown. 
3AID-DW: AID pump for deep well; AID-SW: AID pump for shallow well; Dempster: Dempster deep well type pump; Japanese: Japanese made shallow well 
type pump. 
4Pump being used for forced pumping to storage tank. 
Pita 
Puerto 





ISLA DEL COCO 
0 	t 	/a 
3 
7" 06' 	87 
Atalanta• 
Sure ka 
t 	- 	- 
San Juan 
del Norte 






1)fr: SA `J. 
 Santiao. 10SE 
San Ignacio • 




































Sites in Costa Rica are concentrated in two major areas: 
(1) the northwestern quadrant around Nicoya, Santa Cruz, 
Liberia, and Las Canas, and (2) the eastern area of Limon. 
-10- 
COSTA RICA 
Costa Rica Site No. 10, located at El Brillante, prior to installation 
of field test pump. Photo taken January, 1977. 
Costa Rica Site No. 11, located at Judas de Chomes, prior to installation 
of field test pump. Photo taken January, 1977. 
COSTA RICA 
Costa Rica Site No. 24, located at Villa Real de Santa Cruz, prior 
to replacement of broken Japanese pump with field test pump. Photo taken 
January, 1977. 
Costa Rica Site No. 15, located at San Buena Ventura de Colorado, prior 
to installation of field test pump. Photo taken January, 1977. 
shown up in the first several months of operation. The AID pumps appear to 
be well designed and well manufactured, but the shallow-well type is not self-
priming, a very disturbing factor from the standpoint of health. (In the 
next several months, efforts will be concentrated on designing a seal that 
will create enough of a vacuum to make the shallow-well pump self-priming.) 
Water Quality  
Water samples have been taken from 13 Costa Rican locations prior to in-
stallation of pumps to determine the level of bacteriological contamination 
in the water being used by rural villagers. All locations, except one, con-





Coliforms 35° C 
Escherichia 
coli 44° C 
11 Judas de Chomes 210 150.0 
12 La Palma de Abangares 1,100 460.0 
13 San Joaquin de Abangares 460 21.0 
14 Pueblo Nuevo de Abangares 1,100 290.0 
15 San Buena Ventura de Colorado 460 240.0 
16 Penas Blancas de Colorado 1,100 1,100.0 
17 Nicoya (Barrio San Martin) 210 20.0 
18 Curime de Nicoya 43 3.6 
19 Caimitalito de Nicoya 1,100 120.0 
20 Conjunto IMAS, El Torito, 
Samara 290 290.0 
21 Terciopelo de Nicoya 0 0.0 
29 Pijije de Bagaces 150 3.6 
30 La Javilla de Canas 93 3.6 
Inasmuch as the presence of E. coli indicates fecal contamination, ideally 
none should be present. It is not surprising to find this existing condition, 
however, due to the circumstances of the individual wells themselves. While 
the wells were properly disinfected at the time of their construction, imper-
fect sealing of the top, seepage of surface water, and other conditions have 
lead to subsequent contamination. Bacterial quantity is subject to consider-
able variability, and frequent analysis of each site would be required to 
provide definitive data; it is noteworthy, on the other hand, that there has 
been only one location free of coliforms. 
Water disinfection has been a routine matter in Costa Rica prior to in-
stallation of pumps, but there has been no laboratory analysis to reveal the 
extent of assumed contamination in the wells. Because many of the sites in 
Costa Rica have been disinfected in the past and the wells were supposedly 
sealed off from contamination, only to result in continued contamination, 
the sites will also be tested periodically after pump installation to measure 
the effectiveness of pump programs such as this one now being carried out in 
Costa Rica and Nicaragua. In other words, if wells with hand-operated pumps 
installed on them have the advantage of an easier delivery system without 
an improvement in the quality of the water, the expenditures for the pumps 
hardly seem justifiable. 
A chemical analysis is available at the present time from only one site, 
and it is obviously not possible to draw any general conclusions from such 
limited data. Nevertheless, when comparing the results from this one site 
(Bristol, Square No. 2) with the standards prescribed by the United States 
Public Health Service (USPHS), the water represented by the sample was found 
to be quite hard (199.0 ppm CaCO3) and was within the USPHS limits on all 
items except iron (1.4 ppm reported, as compared to the standard of 0.30 ppm). 
While the iron is not a desirable condition, it is not a source of great con-
cern other than from the standpoint of taste and, possibly, staining of 
laundry. Because more data are needed on chemical quality of the water repre-
sented by the field-test sites, further sampling of the water will be carried 
out during the remaining time period of the project. 
NICARAGUA 
Data from 1971 show that 53% of the total population of Nicaragua has 
relatively easy access to piped water supplies; however, when this figure is 
broken down into urban and rural areas, it is seen that 91% of the urban 
population has easy access to this type of water system, while only 18% of 
the rural population has easy access. Comparative figures for Costa Rica 
are 78% (total), 100% (urban), and 56% (rural). While these figures are 
somewhat outdated, it is felt that they probably have not changed signifi-
cantly in the last six years.?/ 
Nicaragua was chosen as a test country for this program also because of 
a loan by AID to that country involving the installation of hand-operated 
water pumps. The loan provisions included a potable water program which 
will construct 300-340 wells by the end of 1979 and, which, as in the case of 
Costa Rica, the Georgia Tech/ICAITI program will complement, allowing the 
Ministry of Health in Nicaragua to take advantage of local manufacturing and 
its associated benefits. 
Program activities also began in Nicaragua in January of this year. A 
local foundry was chosen to manufacture 20 AID pumps (eleven deep-well and 
nine shallow-well) which were produced and delivered to a Ministry of Health 
warehouse for storage, prior to installation, in May. Three kinds of pumps 
were chosen to compare the AID pump with: Dempster, a Brazilian Marumby pump, 
and a pump developed by the International Development Research Centre (IDRC) 
of Ottawa, Canada. Thirty sites, representative of Nicaragua, were approved 
to receive the test pumps (15 AID pumps and 15 comparative pumps), all of 
which required extensive preparatory work before pumps could be installed. 
Pumps are now being installed, and the wells are being disinfected with a 
chlorine-yielding substance. As in Costa Rica, the sites have had chemical 
and bacteriological testing prior to installation of test pumps and show in-
testinal bacteria, requiring further testing to determine if the contamination 
is being sealed out by the addition of a closed well and the use of a hand 
pump for lifting the water. The 12-month monitoring period has begun and will 
continue through July 1978. 
2/ The Dynamics of Health, XI: Nicaragua, published by the U. S. 
Department of Health, Education, and Welfare, 1973. 
Manufacture of AID Pumps  
In manufacturing the AID pumps in Nicaragua, a unique situation was 
encountered, that is, foundries were plentiful, but pattern makers were 
almost nonexistent. A foundry was located that appeared to have the re-
sources, including pattern makers, to manufacture a quality AID pump, and 
a contract was signed January 22, 1977, between Georgia Tech and Complejo 
Metalurgico Especializado, S.A. (Cometales) for the manufacture of eleven 
deep-well pumps and nine shallow-well pumps. The prices of the pumps were 
as follows: 
Shallow-Well 	 $ 	69 (each) 
Deep-Well 	 75 (each) 
Patterns 	 1,000 (one-time charge only) 
Cost data are still being collected and analyzed to determine if these 
prices are sufficient to cover all expenses, including overhead, and to 
allow a reasonable profit for the manufacturer. 
The AID pumps in Nicaragua were also manufactured according to the 
approved drawings contained in the appendix to this report and with the 
following additional instructions: 
1. The plunger rod was to be made from one-half inch diameter rod, 
rather than seven-sixteenths inch, because of difficulty in 1c 
cating a reliable supply of seven-sixteenths inch stock. The 
pump rod nut, the rod end, and the plunger assembly were also 
changed to accommodate the one-half inch plunger rod. 
2. The handle pivot pins were to be hardened to 40 Rc, and steel 
bushings (60-64 Rc ) were to be inserted in the pump handle holes. 
3. For the shallow-well pump, the three-inch support pipe was in-
ternally coated with epoxy for a smoother-surfaced cylinder 
finish. Option A (drawing No. 2001), using the bolted pump 
cap, was chosen in preference to a pin-mounted pump cap. 
4. For the deep-well pump (drawing No. 2002), Option A was chosen, 
using the bolted pump cap in preference to a pin-mounted pump cap. 
The AID pump manufacturer in Nicaragua neither foresaw nor ex-
perienced any problems with producing the deep-well pump cap in 
accordance with specifications, in contrast to the case in Costa 
Rica. 
All pumps were painted with an anticorrosive coating and were numbered 
consecutively. No unusual manufacturing problems were encountered other 
than unfamiliarity with the pump's characteristics for the first production 
order, and subsequent orders, if they should materialize, are not expected 
to present any difficulties. 
Comparative Pumps  
Three pumps were chosen for comparison with the AID pump and were locally 
available to the people of Nicaragua. These pumps include the Dempster 210F, 
a Brazilian Marumby pump (for shallow wells only), and a pump developed by 
IDRC (for shallow wells and deep wells). The Dempster 210F is designed for 
heavy-duty use in both shallow and deep wells, has a brass-lined cylinder, 
is made of cast iron, and has a very good worldwide reputation, as pointed 
out earlier. The Brazilian pump is for shallow wells only, uses a one-and-
one-fourth-inch drop pipe (as do the Dempster and AID pumps), has a cylinder 
slightly over three inches (3.1") of smoothened, cast iron, and is a pitcher-
type pump. The pump developed by IDRC uses a three-inch diameter drop pipe 
(PVC) that also serves as the cylinder for the piston assembly. 
The Dempster 210F cost approximately $257 in Central America, the 
Brazilian Marumby approximately $45, and the IDRC pump $70 (this esti-
mated $70 cost is for comparison only and can vary widely, depending on the 
materials and the pricing systems used by the fabricating shop). It is 
interesting, at this point, to recap all pumps included in the field testing 
of the AID pump: 
Costa 
Rica Nicaragua  
  
1. AID Shallow-Well (for shallow wells only) 	$ 98 	$ 69 
2. Japanese "Lucky" (for shallow wells only) 	63 
3. Brazilian Marumby (for shallow wells 
only) 	 45 
4. AID Deep-Well (for deep and shallow 
wells) 	 128 	 75 
5. Dempster 210F (for deep and shallow 
wells) 	 257 	257 
6. IDRC PVC Cylinder (for deep and 
shallow wells) 	 70 
Selection of Field Test Sites 
Table 2 shows the sites selected for field testing in Nicaragua. Most 
of the wells were already existing, dug (there was one spring, Site No. 9, 
that has been adapted to support a pump), and have been equally divided be-
tween deep wells and shallow wells. Usage is quite high for the sites, aver-
aging 150 persons, and all wells have required site work of some kind (well 
deepening, lining applied to the well, slab and other concrete work performed, 
and cleaning and disinfecting of the well). There are at least seven sites 
that pose problems demanding a search for substitute wells with the problems 
including the striking of hard rock during excavation, wells caving in, water 
sources polluted beyond present ability to correct, and villagers deciding 
that they would prefer an electric pump and storage tank to a hand-operated 
water pump (even if the villagers have to pay for the electric pump and stor-
age tank). 
Site Preparation  
It was the original intent of this project to use existing wells with 
pumps that were inoperable or in a state of disrepair and to merely replace 
the broken pumps with the test pumps. This approach was impractical in 
Nicaragua because there are few existing hand-pump installations and most of 
those that do exist are privately owned, belonging to the more affluent rural 
villagers. Therefore, it was necessary to dig new wells, provide consl -ruction 
of well structures, and rehabilitate all wells before installation of any 
pumps. In addition to problems previously mentioned, many others have been 
encountered, including dissention among villagers as to where the new wells 
and pumps would be located, failure to find water at a reasonable depth, 
and lack of logistical resources within the country. 
By June 1, 1977, pumps had been installed at approximately 15 sites. No 
significant problems have been encountered in the actual installation of 
these pumps, and all pumps are functioning properly. The balance of the 30 
test pumps will be installed during June, and all pumps will be monitored 
through July 1978. 
Table 2 
SELECTED SITES FOR AID PUMP FIELD TESTS IN NICARAGUA 
Estimated Usage 	 Site Work Required 
Classifi- 	 Water 	Well 	(No. Persons) In- 	Type of 
Site 	 Well 	Well 	cation Depth to Water 	Column 	Diameter 	50- 	101- 	New 	Deepen 	 Dis- 	stall 	Pump to 
No. Location 	Situation 	Type by Depth 	(mt.) 	(ft.) 	(mt.) (mt.) 100 	150 >150 	Well 	Well Lining 	Slab 	infect 	Pump Install l 
1 	La Garita 
(schoolhouse) 	Existing 	Dug 	Deep 	8.20 	27 	0.78 	0.80 	X 	 X 	 X 	X 	X 	AID-DW 
2 	La Garita 	New well 
(highway) required 	Dug 	Deep 	-- 	 -- 	 X 	X 	 X 	X 	X 	X 	Dempster 
3 	Llano Grande 	Existing Dug Shallow 	2.20 71/2 	1.77 1.20 	 X 	 X 	 X X X AID-SW 
4 Los Canas 
(highway) 	Existing 	Drilled 	Deep 	7.47 	25 	7.82 	(6") 	 X 	 X 	X 	AID-DW 
5 	Los Canas 
(school) 	Existing 	Dug 	Shallow 	6.40 	21 	0.50 	1.80 	X 	 X 	 X 	X 	X 	Braz. 
6 	Mechapa Existing Dug Deep 	17.80 58 0.95 1.23 X 	 X X X Dempster 
7 Las Lajitas 	Existing 	Dug 	Shallow 	5.40 	18 	0.45 	1.45 	X 	 X 	 X 	X 	X 	AID-SW 
8 	Los Rastrojos 	Under con- 
struction 	Dug 	Deep 	12.00 	39 	2.00 	1.20 	 X 	 X 	X 	X 	X 	X 	AID-DW 
9 	El Naranjo 	Existing Spring 	Shallow 	2.12 7 1.00 	2.0x2.0 X X X X X Braz. 
10 Isidrillo Existing 	Dug 	Deep 	24.10 	79 	2.00 1.20 	 X 	 X 	 X 	X 	AID-DW 
11 	Rio Abajo 
(Santa Teresa) 	Existing 	Dug 	Shallow 	3.50 	111/2 	0.85 	1.2x1.2 	 X 	 X 	 X 	X 	Braz. 
12 	Rio Abajo 
(Los Laureles) 	Existing 	Dug 	Shallow 	4.08 	13 	0.34 	1.2x1.2 	X 	 X 	 X 	X 	AID-SW 
13 	Quebrada 	New well 
Arriba required 	Dug 	Shallow 	 -- 	 X 	X 	 X 	X 	X 	X 	Braz. 
14 	Los Rincones 	Existing Dug Deep 	19.20 	63 1.00 	1.20 	 X X 	 X X AID-DW 
15 Rio Grande New well 
required 	Dug 	Shallow 	-- 	-- 	-- 	-- 	 X 	 X 	 X 	X 	X 	X 	Braz. 
16 	San Antonio 	Existing Dug Deep 	9.87 32 0.55 0.70 X 	 X 	X X X X 
AID-DW 
17 El Rodeo 	Existing 	Dug 	Deep 15.91 	52 	0.33 	1.20 	X 	 X X 	X 	X 	Dempster 
18 	Los Calpules 
(stream) 	Existing 	Dug 	Shallow 	1.37 	41/2 	1.18 	1.20 	X 	 X 	 X 	X 	X 	
AID-SW 
19 	Los Calpules 
(schoolhouse) 	Existing 	Dug 	Deep 	8.45 	28 	0.51 	1.20 	 X 	 X 	 X 	X 	X 	Dempster 
20 	Motolin 
(Sr. Umanzor) 	Existing 	Dug 	Deep 	15.56 	41 	0.42 	1.00 	 X 	 X 	 X 	X 	X 	Dempster 
21 	Ducuale Grande 	New well 
required 	Dug 	Shallow 	 X 	 X 	 X 	X 	X 	X 	
AID-SW 
22 	La Concepcion 
(No. 1) 	Existing 	Dug 	Deep 	 X 	 X 	 X 	' 1 	X 	
Dempster 
23 	Valle Santa 	Under con- 
Rosa 	 struction 	Dug 	Deep 	-- 	-- 	-- 	 X 	 X 	X 	X 	X 	
X 	AID-DW 
24 	Sabana Grande 	Existing Dug Deep 14.17 461/2 0.23 0.91 	X 	 X X X 
X AID-DW 
25 San Diego 	Existing 	Dug 	Deep 	27.48 	90 	0.20 	1.17 X 	 X 	 X 	
X 	Dempster 
26 	La Lamilla Under con- 
struction 	Dug 	Deep 	14.00 	46 	1.80 	1.20 	 X 	 X 	X 	X 	X 	X 	Dempster 
27 	Valle Santa 	Under con- 
Lucia 	 struction 	Dug 	Shallow 	 X 	 X 	X 	X 	X 	
X 	AID-SW 
28 	Los Curritos 	New well 
required 	Dug 	Shallow 	-- 	 X 	 X 	 X 	X 	X 
29 	Las Mangas 	Existing Dug Deep 8.76 29 	5.90 	1.09 	 X 	 X X 
	Braz. 
 
30 La Majadita Existing 	Dug 	Shallow 	6.15 	20 0.80 1.00 X 	 X 	 X 	X 	X 	Braz. 
1AID-DW: AID pump for deep well; AID-SW: AID pump for shallow well: Dempster: Dempster deep well type pump; Braz.: Brazilian shallow well type. 
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Sites in Nicaragua are concentrated in the northern 
part of the country, near Matagalpa and Esteli. 
-20- 
NICARAGUA 
Nicaragua Site No. 2, located at La Garita. This spring has been 
replaced as a source of water by a nearby dug well and a field test pump. 
Photo taken January, 1977. 
Nicaragua Site No. 6, located at Mechapa, prior to field test pump 
installation. Photo taken January, 1977. 
NICARAGUA 
Nicaragua Site No. 10, located at Isidrillo, prior to field test pump 
installation. Photo taken January, 1977. 
Nicaragua Site No. 27, located at Valle Santa Lucia, during construction 
of well. Photo taken January, 1977 
Water Quality  
The results of chemical analyses of 19 sites are given in Table 3. For 
comparison, the limits established by the USPHS for drinking water are also 
included. In general, the water sampled is quite hard, and at Los Rastrojos 
(Site No. 8), it is extremely hard. Water at Los Rincones (Site No. 14) is 
given as a hardness of 70, but this may be in error if the high total solids 
content of the water (608 mg/1) is correct; therefore, this value of 70 is 
being verified by an additional analysis. The total solids content of all 
other samples is in an acceptable range with the notable exception of Los 
Rastrojos (Site No. 8) where the level of 1,600 mg/1 is more than three times 
the preferred maximum, but, presumably, no better water source is available. 
Iron content exceeds the standard in 10 cases, and manganese was found to 
exceed the USPHS limit in six samples. 
Nitrate levels are low with the single exception of Isidrillo (Site 
No. 10) where the reported nitrate level of 306.5 mg/1 exceeds the 100 mg/1 
total solids. It appears likely that a clerical error has occurred, and 
this value is being rechecked. The levels of fluoride present may offer 
considerable resistance to tooth decay, as the recommended concentrations 
in the United States where water supplies are to be fluoridated are 0.7 -
1.2 mg/1, depending on the air temperature. Both chloride and sulfate are 
at sufficiently low concentrations. 
An examination of the bacteriological data (Table 4) shows that all 
sites are significantly contaminated with common intestinal bacteria. Sal-
monella was initially reported at Los Laureles (Site No. 12), and this 
point has been rechecked. (A second sample was negative, but an additional 
analysis will be performed at a later date to determine if any continuing 
hazard is present.) All sites will be analyzed further during the next 12 
months to provide more insight into whether or not contamination is being 
sealed off from the water by the preparation of the wells and the installa-
tion of the pumps. 
Table 3 
Site 
No. Location pH 
SUMMARY OF WATER CHEMICAL ANALYSES 
Alka- 
Hardness 	linity 	Total 




Mn 	Ca NO3 F Cl 504 
1 La Garita 7.0 350 26 218 0.07 0.05 70.0 3.76 0.30 22.5 2.0 
3 Llano Grande 6.4 200 120 161 0.07 0.00 30.0 9.96 0.70 12.5 3.0 
6 Mechapa 7.7 325 30 330 0.06 0.00 80.0 13.10 0.40 12.5 8.0 
7 Las Lajitas 7.5 200 190 225 0.02 0.40 50.0 4.43 0.35 5.0 2.0 
8 Los Rastrojos 7.6 840 260 1,600 0.27 0.58 292.0 0.66 1.62 20.0 67.5 
9 El Naranjo 6.9 400 420 426 0.05 0.00 100.1 3.54 0.70 15.0 3.0 
10 Isidrillo 7.6 400 180 100 0.07 0.00 90.0 306.50 0.35 62.5 10.0 
11 Santa Teresa 8.1 240 265 383 0.01 0.00 62.0 9.52 0.35 15.5 11.0 
12 Los Laureles 7.7 250 265 340 0.01 0.00 64.0 6.42 0.60 15.0 6.0 
13 Quebrada Arriba 7.5 180 280 360 0.10 0.28 44.1 1.76 0.20 15.0 8.3 
14 Los Rincones 8.1 70 445 608 0.01 0.00 20.0 16.60 0.25 20.0 20.0 
15 Rio Grande 8.0 190 250 336 0.25 0.28 52.1 4.80 0.20 25.0 10.5 
16 San Antonio 7.9 240 270 404 0.01 0.00 68.0 2.65 0.50 19.5 11.0 
18 Los Calpules 7.9 290 330 394 0.01 0.10 80.0 0.00 0.55 10.0 2.0 
(Stream) 
19 Los Calpules 7.9 210 200 237 0.01 0.00 50.0 5.10 0.60 12.5 4.0 
(School) 
20 Motolin 8.2 240 250 298 0.05 0.00 62.0 22.40 0.65 14.0 4.0 
22 La Concepcion 7.5 350 30 264 0.00 0.10 80.0 0.00 0.40 10.0 3.0 
25 San Diego 7.6 260 290 398 0.10 0.00 56.1 2.35 0.40 25.0 15.0 
29 Las Mangas 6.4 100 100 38 0.02 0.00 20.0 2.21 0.50 15.0 2.0 
USPHS Standard 500 0.03 0.05 45.00 (b) 250.0 250.0 
(a) All values mg/1 except pH. 
(b) Limit depends on daily air temperature. Upper limits range from 0.8 to 1.7 mg/l. 
Table 4 
SUMMARY OF BACTERIOLOGICAL ANALYSIS -- NICARAGUA 
	
Site 	 Coliforms 	Salmonella 	Shigella 
No. Location 	 per 100 ml Presence Presence 	 Comments 
1 	La Garita 	 2.4 	Negative 	Negative 	Positive Enterobacter 
3 	Llano Grande 	 430.0 	Negative 	Negative 	Positive Enterobacter and Citrobacter 
6 	Mechapa 	 1,100.0 	Negative 	Negative 	Positive Proteus and Citrobacter 
7 	Las Lajitas 	 150.0 	Negative 	Negative 	Positive Enterobacter 
9 	El Naranjo 	 1,100.0 	Negative 	Negative 	Positive Enterobacter 
10 	Isidrillo 	 1,100.0 	Negative 	Negative 	None 
11 	Rio Abajo 
1 	 (Santa Teresa) 	 24.0 	Negative 	Negative 	Positive Enterobacter 
N 
(11 12* 	Rio Abajo 	 Positive Salmonella sp, Enterobacter, 1 
(Los Laureles) 	 64.0 	Positive 	Negative 	and Citrobacter 
12* 	Rio Abajo 
(Los Laureles) 	 350.0 	Negative 	Negative 	Positive Escherichia coli 
14 	Los Rincones 	 54.0 	Negative 	Negative 	Positive Pseudomonas 
16 	San Antonio 	 120.0 	Negative 	Negative 	Positive Escherichia coli 
17 	El Rodeo 	 540.0 	Negative 	Negative 	Positive Escherichia coli 
18 	Los Calpules 	 23.0 	Negative 	Negative 	Positive Escherichia coli 
19 	Los Calpules 	 920.0 	Negative 	Negative 	None 
26 	La Lamilla 
(replacing La 
Concepcion) 	 350.0 	Negative 	Negative 	Positive Escherichia coli 
30 	La Majadita 	 64.0 	Negative 	Negative Positive Escherichia coli 
* This site (Los Laureles) was retested because of earlier findings of positive Salmonella. A third sampling 
is under way to verify the presence or absence of Salmonella. 
CONCLUSIONS AND RECOMMENDATIONS 
Monitoring of pump performance is in its early stages of the budgeted 
12-month period, and sufficient data are not available for arriving at 
reliable conclusions. However, there are no indications at the present time 
that would discourage further manufacture, installation, or use of the AID 
pump in Costa Rica or Nicaragua. The AID pump can be manufactured in a devel-
oping country at a competitive, profitable price and at an acceptable level 
of quality if adequate facilities are available; however, the availability of 
adequate foundry facilities is a matter that must be determined for each 
individual developing country. Public acceptance by rural villagers has been 
good, both from an aesthetic standpoint and from a standpoint of the pump being 
used easily by men, women, and children. The AID pump is also very marketable 
if distribution channels and financial resources within the developing coun-
tries allow its purchase and installation, either by federal governments or 
by private citizens affluent enough to purchase and install the pump. Lastly, 
the AID pump should have a positive impact in developing countries on the 
health of rural people, on employment generation, and on instilling national 
pride within the people when it is seen that these countries do have local 
capabilities for manufacturing a complicated product rather than importing 
it. 
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Mr. Joseph J. Sconce, previous Mission Director, USAID/Costa Rica 
Mr. Arthur W. Mudge, Mission Director, USAID/Nicaragua 
Dr. James E. Sarn, M.D., Chief Public Health Advisor, USAID/Nicaragua 
Mr. Heriberto Rodriguez, General Engineer, USAID/Costa Rica 
Mr. Rene Uriza S., Assistant I (Public Health), USAID/Nicaragua 
Dr. Guillermo Contreras, M.D., present Director of the Department of 
Rural Health, Ministry of Health in Costa Rica 
Dr. Carlos Eduardo Valerin, M.D., previous Director of the Department of 
Rural Health, Ministry of Health in Costa Rica 
Mr. Jose Maria Viniga, Director of PLANSAR, Ministry of Health in 
Nicaragua 
Mr. Roger Madriz, President of Mecanizados Mofama, the AID pump 
manufacturer in Costa Rica 
Mr. Leonel Garcia Lara, consultant to Cometales, the AID pump 
manufacturer in Nicaragua 
Mr. Jairo Triano Harker, President of Cometales, the AID pump manufacturer 
in Nicaragua 
Mr. Robert D. Fannon, Jr., of Battelle's Columbus Laboratories, also has 
been very helpful in supplying working drawings of the AID/Battelle pump and 
background information on the history of the pump. 
Summary 
Recognizing the need in developing countries for a constant supply of 
potable water and the corollary worldwide need for a long-lasting, easily 
repaired, locally manufactured hand pump, the Agency for International Devel-
opment (AID) began in 1966 a series of contracts with the Battelle Memorial 
Institute to design and laboratory test a reciprocating shallow- and deep- 
well hand pump. A final design was developed and, in late 1976, AID contracted 
with the Office of International Programs at the Georgia Institute of Tech-
nology to evaluate the performance and acceptability of the AID pump in 
comparison with other pumps used in developing countries and the feasibility 
of local manufacture of the AID pumps. The program consists of the manufac-
ture of the pumps in Nicaragua and Costa Rica, the purchase of locally available 
competitive pimps, installation of the pumps in rural villages, and evaluation 
of the field performance of the pumps over a one-year period. Cooperating 
with Georgia Tech on the project has been the Central American Research Insti-
tute for Industry (ICAITI) and local Ministry of Health and AID officials in 
Costa Rica and Nicaragua. 
Costa Rica  
Costa Rica was chosen as a test country because of a sizable well and 
hand-pump loan that had been made to that country by AID and because of the 
country's need for an expanded water-pump program. Provisions of the loan 
specifically included installation of water pumps on a large-scale basis, and 
it was felt that assistance in such areas as pump selection, installation 
techniques, and pump maintenance, as a part of this field-test program, would 
greatly benefit the government of Costa Rica. Costa Rican Ministry of Health 
and AID officials also strongly felt that a locally manufactured hand pump 
offered by the AID/Georgia Tech/ICAITI program had many advantages that 
should be included in the Costa Rican loan program (mainly employment genera-
tion, spare parts availability, and lower cost hand pumps than commercially 
available). 
One aspect of this project that has been obvious from the beginning is 
that, even though Costa Rica is a developing country, it is much more devel-
oped than Nicaragua, and this shows up in the availability of rural community 
water supplies for the two countries. For instance, based on recent surveys, 
representative test sites chosen for this project show an average usage by 
approximately 60 persons in Costa Rica and 170 persons in Nicaragua. In Costa 
Rica, most communities of 250 inhabitants or more have some form of piped 
water system, while in Nicaragua, the size of the community will usually exceed 
2,000 inhabitants before piped water is found. In Costa Rica, most communi-
ties will have at least one well with a pump, if not piped water, and in 
Nicaragua, springs, rivers, and open, dug wells are the common sources of 
water. Costa Rica has a greater degree of electrification in rural areas, 
allowing the installation of motorized pumping systems that are not possible 
in many areas of Nicaragua. Further, the Ministry of Health in Costa Rica has 
had a limited hand-pump program for some 15 years, while Nicaragua is just 
now in the beginning stages of such a program. 
Active work began in Costa Rica in January 1977, when AID/Washington and 
Georgia Tech agreed that Costa Rica and Nicaragua should be the test countries 
for the program described herein. A machine shop, subcontracting to a local 
foundry for iron castings, was contracted with for the manufacture of 20 AID 
pumps (eleven deep-well and nine shallow-well), which were produced and deliv-
ered to a Ministry of Health warehouse for storage and installation by 
Ministry of Health technicians in April. Two different kinds of pumps were 
chosen with which to compare the AID pump: a Dempster and a Japanese "Lucky" 
pump. Thirty-one sites, representative of Costa Rica, were chosen to receive 
the test pumps (16 AID pumps and 15 competitive pumps), most of which already 
had installed pumps varying in condition from broken to fully operational. 
(A_pictorial monograph of all field-test sites in both Costa Rica and Nicara-
gua is contained in the Appendix of this report.) 
Wells were randomly tested by chemical and bacteriological analyses prior 
to test-pump installation and found to contain large numbers of intestinal 
bacteria, indicating that contamination was not being sealed off from the 
water. The pumps were installed by the Ministry of Health, the wells were 
disinfected with a chlorine-yielding compound, and attempts were made to seal 
off the contamination sources. However, subsequent bacteriological testing 
has shown no improvement in the quality of the water due to poor design and 
construction of the upper well structures by the rural villagers and Ministry 
of Health personnel -- a matter that has caused great concern within the 
Ministry of Health. As a result, internal organizational changes have been 
made and technicians and engineers are now being hired in an attempt to allev- 
iate the situation. 
-iv- 
Nicaragua  
Nicaragua was chosen as a test country because of a rural water supply and 
hand-pump program loan by AID to that country involving the installation of 
hand-operated water pumps. The loan provisions included potable water systems 
that will construct 300-340 wells by the end of 1979, which the AID/Georgia 
Tech program has complemented by providing technical assistance in pump selec-
tion, installation techniques, and pump maintenance, and which has enabled 
the Ministry of Health in Nicaragua to take advantage of locally manufactured 
hand pumps that can be produced at a cost lower than commercially available 
pumps. This local program increases spare parts availability, contributes to 
a positive balance of trade, and stimulates local employment. 
As in Costa Rica, program activities began in Nicaragua in January 1977. 
A local foundry was chosen to manufacture 20 AID pumps (eleven deep-well and 
nine shallow-well) which were produced and delivered to a Ministry of Health 
warehouse for storage and installation by Ministry of Health engineers and 
technicians in May. Two kinds of locally available pumps were chosen to com-
pare the AID pump with: a Dempster and a Brazilian "Marumby" pump. A pump 
developed by the International Development Research Centre (IDRC) of Ottawa, 
Canada, was also used for comparison. Thirty sites, representative of Nicara-
gua, were approved to receive the test pumps (16 AID pumps and 14 comparative 
pumps), and all of the sites required extensive preparatory work before pumps 
could be installed. Pumps were installed by a Ministry of Health installation 
team, and the wells were disinfected with a chlorine-yielding substance. As 
in Costa Rica, the sites had chemical and bacteriological testing prior to 
installation of test pumps and showed intestinal bacteria, requiring further 
testing to determine if the contamination is being sealed out by the addition 
of a closed well and the use of a hand pump for lifting the water. 
Conclusions and Recommendations  
Monitoring of pump performance is in an advanced stage of the budgeted 
12-month period, and sufficient data are available for arriving at reliable 
conclusions. There are obvious indications at the present time that most  
definitely encourage further manufacture, installation, and use of the AID  
pump. The AID pump can be manufactured in a developing country at a competi-
tive, profitable price and at an acceptable level of quality if adequate 
facilities (foundries, pattern makers, machine shops and skilled machinists, 
raw materials, etc.) are available; however, the availability of adequate 
foundry facilities with acceptable pump prices and quality controls are 
matters that must be determined for each individual developing country. 
Public acceptance by rural villagers has been good, both from an aesthetic 
standpoint and from a standpoint of the pump being used easily by men, women, 
and children. Further, the AID pump should have a positive impact in devel-
oping countries on the health of rural people, on employment generation, on a 
positive balance of trade, and on instilling national pride within the people 
when it is seen that these countries do have local capabilities for manufac-
turing a relatively complicated product rather than importing it. 
As indicated above, the AID pump (both the shallow-well and the deep-well 
version) is adaptable to local manufacture in developing countries if 
adequate facilities are available. While numerous manufacturing problems have 
been encountered in both Costa Rica and Nicaragua, the majority of these 
problems are problems that are to be expected when a product such as the AID 
pump is introduced into production for the first time. As subsequent orders 
are processed through the manufacturer's plant and as personnel become more 
familiar with the pump itself, quality control should be refined to the point 
where the orders are considered to be normal production. 
Comparative pumps used in this field test were originally chosen because 
they were expected to hold up well during the test period. The Dempster pump 
is an extremely fine pump and has performed remarkably well but is rather 
expensive. The Brazilian "Marumby" pumps are beginning to fail and have been 
disappointing in their durability. The IDRC pump has good points that repre-
sent a lower level of technology than that required of the AID pump and is an 
alternative to the AID pump, especially where foundry facilities are not avail-
able but local manufacturing is desirable. The Japanese "Lucky" pump has 
performed extremely well but is a complicated pump and will, undoubtedly, 
present maintenance problems as the components begin to wear. 
Lastly, this program of field testing the AID pump has presented many 
unforeseeable problems. However, the satisfaction of providing a means of 
safe, convenient water during this test period to rural villagers that hereto-
fore have been getting their water from grossly polluted sources or have been 
walking many miles per day for small amounts of water necessary to survive on 
has made each and all of the problems seem insignificant. As a result, Georgia 
Tech and ICAITI project personnel are grateful to the Agency for International 
DevelopMent for the opportunity to have participated in such a program. 
INTRODUCTION 
Recognizing the need in developing countries for a constant supply of 
potable water and the corollary worldwide need for a long-lasting, easily 
repaired, locally manufactured hand pump, the Agency for International 
Development (AID) began in 1966 a series of contracts with the Battelle 
Memorial Institute to design and laboratory test a reciprocating shallow- 
and deep-well hand pump. A final design was developed and, in late 1976, AID 
contracted with the Office of International Programs at the Georgia Institute 
of Technology to evaluate the performance and acceptability of the AID pump 
in comparison with other pumps used in developing countries and the feasi-
bility of local manufacture of the AID pumps. Cooperating with Georgia Tech 
on the project has been the Central American Research Institute for Industry 
(ICAITI) and local Ministry of Health and AID officials in Costa Rica and 
Nicaragua. 
The program consists of the manufacture of the pumps in Nicaragua and 
Costa Rica, the purchase of locally available competitive pumps, installation 
of the pumps in rural villages, and evaluation of the field performance of 
the pumps over a one-year period. One manufacturer in each country was 
selected to manufacture the AID pump. A minimum of 15 AID pumps and 14 
locally available pumps of various kinds have been installed in each country, 
and detailed, frequent monitoring of their operation is now under way. 
Organizationally, Georgia Tech has had overall responsibility for the 
AID water-pump field testing. Members of the Engineering Experiment Station 
have been, and are currently, involved in national and international programs 
of community and area development, management and technical assistance to 
business and industrial firms, industrial and economic development training, 
market analyses, studies of new manufacturing opportunities, manpower 
resources and labor productivity, stimulation of small scale industry, tech-
nology assessment, development and conservation of energy resources, housing 
resources, industrial economics, economic uses of industrial wastes, adaptive 
technology research and development, audiovisual presentations and multimedia 
documentation, and professional guidance in planning industrial and economic 
development programs. The organization of the Engineering Experiment Station 
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ICAITI, chosen as a Central American counterpart by Georgia Tech to enable 
efficient utilization of travel funds, to provide quick response to AID and to 
the Ministries of Health in Costa Rica and Nicaragua, and to take full advan-
tage of its established working relationships with existing communities, 
industries, lending institutions, and governmental departments of Costa Rica 
and Nicaragua, is very similar to the Engineering Experiment Station. For more 
than 14 years, ICAITI has made significant contributions to the industrial 
development of Central America and also has completed a considerable number of 
related projects that have aided in the accomplishment of this program. 
The program, more specifically, has consisted of participation by Georgia 
Tech and ICAITI in the following activities: 
1. Providing technical assistance for selected foundries and machine 
shops to locally manufacture the AID pump. 
2. Selecting and purchasing locally available pumps to be used in com-
parison with the AID pump. 
3. Selecting 60 field-test sites for installation of 30 AID pumps and 
30 locally available pumps (30 sites located in each of the two 
test countries). 
4. Determining the quality of water through chemical and bacterio-
logical analysis. 
5. Preparing sites (preparing new wells or rehabilitation of existing 
wells, as necessary). 
6. Installing pumps. 
7. Monitoring pump performance for a 12-month period. 
8. Collecting and analyzing field data. 
In gathering and analyzing data on the AID pump, seven areas have been 
of major concern: 
1. Operational performance in the field. 
2. Maintenance requirements and pump reliability. 
3. Competitive cost and analysis of the economics of in-country 
manufacturing. 
4. Manufacturing problems encountered. 
5. Needed design changes and future utilization. 
6. Public acceptance and marketability. 
7. AID pump design characteristics and specifications. 
The program indicates, at this time, that the AID pump is very adaptable 
to local manufacture in many developing countries and offers many benefits 
(employment generation, spare parts availability, easy maintenance, low cost, 
and durability). The AID pump consists of a shallow-well version (the plunger, 
or piston, and its cylinder located above the water level) and a deep-well 
version (the plunger, or piston, and its cylinder located below the water 
level). Both versions are single action, reciprocating, positive displace-
ment type pumps. Photographs of these pumps, produced both in Costa Rica and 
in Nicaragua, follow. 
COSTA RICA 
The AID shallow-well pump, left photo, and the AID deep-well pump, right photo, both manufactured in 
Costa Rica. 
NICARAGUA 
The AID shallow-well pump, manufactured in Nicaragua 
NICARAGUA 




It is universally accepted that an adequate supply of water for drinking, 
personal hygiene, and other domestic purposes and an adequate means of waste 
disposal are essential to public health and well-being. Unfortunately, vast 
numbers of people in the developing world, most of them living in rural areas, 
do not have access to a safe and convenient source of water. When safe and 
convenient sources are available, satisfactory sewage disposal facilities 
normally are still unavailable. 1/ 
Costa Rica was chosen as a test country because of a sizable well and 
hand-pump loan that had been made to that country by AID and because of the 
country's need for an expanded water-pump program. Provisions of the loan 
specifically included installation of water pumps on a large-scale basis, and 
it was felt that assistance in such areas as pump selection, installation 
techniques, and pump maintenance, as a part of this field-test program, would 
greatly benefit the government of Costa Rica. Costa Rican Ministry of Health 
and AID officials also strongly felt that a locally manufactured hand pump 
offered by the AID/Georgia Tech/ICAITI program had many advantages that 
should be included in the Costa Rican loan program (mainly employment genera-
tion, spare parts availability, and lower-cost hand pumps than commercially 
available). 
One aspect of this project that has been obvious from the beginning is 
that, even though Costa Rica is a developing country, it is much more devel-
oped than Nicaragua, and this shows up in the availability of rural community 
water supplies for the two countries. For instance, based on recent surveys, 
representative test sites chosen for this project show an average usage by 
approximately 60 persons in Costa Rica and 170 persons in Nicaragua. In Costa 
Rica, most communities of 250 inhabitants or more have some form of piped water 
system, while in Nicaragua, the size of the community will usually exceed 
2,000 inhabitants before piped water is found. In Costa Rica, most communities 
will have at least one well with a pump, if not piped water, and in Nicaragua, 
1/ Robert J. Saunders and Jeremy J. Warford, Village Water Supply, 
(Baltimore, Maryland: The Johns-Hopkins University Press, 1976), p. 3. 
springs, rivers, and open, dug wells are the common sources of water. Costa 
Rica has a greater degree of electrification in rural areas, allowing the in-
stallation of motorized pumping systems that are not possible in many areas of 
Nicaragua. Further, the Ministry of Health in Costa Rica has had a limited 
hand-pump water program for some 15 years, while Nicaragua is just now in the 
beginning stages of such a program. 
This does not mean that Costa Rica is without a need for improvement in 
its potable water delivery system. The Ministry of Health, for instance, has 
estimated that as many as 47,000 hand-operated water pumps are needed to pro-
vide a suitable water supply to the country's rural citizens. Further, many 
existing water pumps are inoperable because of a lack of maintenance and, 
where there are functioning pumps, most of the well structures are poorly 
designed and completely ineffective in sealing out contamination. There is 
also a great need for a proper governmental organization infrastructure that 
does not now exist to carry out an effective rural water supply program. 
Active work began in Costa Rica in January 1977, when AID/Washington and 
Georgia Tech jointly agreed that Costa Rica and Nicaragua should be the test 
countries for the program described herein. A machine shop, subcontracting to 
a local foundry for iron castings, was contracted with for the manufacture of 
20 AID pumps (eleven deep-well and nine shallow-well), which were produced and 
delivered to a Ministry of Health warehouse for storage and installation in 
April. Two different kinds of pumps were chosen with which to compare the AID 
pump: a Dempster and a Japanese "Lucky" pump. Thirty-one sites, representa-
tive of Costa Rica, were chosen to receive the test pumps (16 AID pumps and 15 
competitive pumps), most of which already had installed pumps varying in con-
dition from broken to fully operational. (A pictorial monograph of all field-
test sites in both Costa Rica and Nicaragua is contained in the Appendix of 
this report.) 
Wells were randomly tested by chemical and bacteriological analyses prior 
to test-pump installation and found to contain large numbers of intestinal 
bacteria, indicating that contamination was not being sealed off from the 
water. The pumps were installed by the Ministry of Health, the wells were 
disinfected with a chlorine-yielding compound, and attempts were made to seal 
off the contamination sources. However, subsequent bacteriological testing has 
shown no improvement in the quality of the water due to poor design and con-
struction of the upper well structures by the rural villagers and Ministry 
of Health personnel -- a matter that has caused great concern within the 
Ministry of Health. As a result internal organizational changes have been 
made and technicians and engineers are now being hired in an attempt to allevi-
ate the situation. 
Field Test Sites  
Table 1 shows those sites selected for the field testing in Costa Rica 
and which were chosen primarily because of their relative high usage (for 
Costa Rica) and accessibility. All sites were existing wells, all except one 
had been hand dug rather than drilled, and all were classified as either deep 
wells (as used herein, more than 25 feet in depth) or shallow wells (25 feet 
or less in depth). The usage at each site varied considerably, with an overall 
average of 60 people. Approximately half of these sites already had pumps, 
with the condition of the original pumps ranging from broken and inoperable to 
good. (The other half of the well sites had no previous pumps and, as a 
result, the new pumps replaced the bucket and rope system of retrieving water.) 
Selection of the sites was made during the dry season months of January, 
February, and March so that the water column figures would indicate annual low-
water levels. However, the dry season of 1976-1977 took a disastrous toll on 
the sites, and, by the middle of May, many (approximately 50%) of the sites 
had dried up completely and had to be deepened before all pumps could be 
installed. In some cases, the wells had already been dug as deeply as pos-
sible, and substitute sites had to be found that were much more inaccessible 
and less desirable from a high-usage standpoint. 
The general areas of site concentration are in the northwestern quadrant 
of Costa Rica in the vicinity of Nicoya, Santa Cruz, Liberia, and Las Canas, 
and in the eastern area of Limon (see Map 1). 
Manufacture of AID Pumps  
Manufacturing Costs. A contract was signed with Mecanizados Mofama, S.A., 
located near San Jose, on January 28, 1977, for the manufacture of nine shallow-
well type AID pumps and eleven deep-well type AID pumps. The prices of the 
pumps were as follows: 
Table 1 
SELECTED SITES FOR AID PUMP FIELD TESTS IN COSTA RICA 
Averagel 
Classifi- Estimated Type of Condition Has Type2 
Site Well Well cation Depth Usage - Original of Original Water 
of Pump Date 
No. Location Situation Type by Depth (m) People Pump Pump Meter Installed Installed 
1 La Palma de Abangares Existing Dug Deep 11.55 70 Japanese Broken AID-DW 4/22/77 
2 San Joaquin de Abangares Existing Dug Deep 11.70 38 Dempster Broken AID-DW 
4/22/77 
3 IMAS, El Torito, Samara Existing Dug Shallow 5.86 98 Dempster Good X AID-SW 5/17/77 
4 Hernandez de Santa Cruz Existing Dug Shallow 4.30 51 Dempster Good 
Lucky 5/18/77 
5 Curime de Nicoya 
(School) Existing Dug Deep 10.35 125 Dempster Poor Dempster 5/19/77 
6 Pijije de Bagaces 
(School) Existing Dug Deep 10.80 38 Dempster 3 Good Dempster 5/19/77 
7 La Javilla de Canas 
(School) Existing Dug Shallow 6.10 91 Dempster Poor AID-SW 5/20/77 
8 Zent #1, Matina (School) Existing Dug Shallow 4.50 60 None X AID-SW 5/20/77 
9 Corina, Matina Existing Dug Shallow 7.60 17 Japanese Poor AID-SW 5/25/77 
10 Bristol, Matina Existing Dug Shallow 3.20 145 None X AID-SW 5/26/77 
11 La Margarita, Bataan 
(School) Existing Dug Shallow 3.85 41 None Lucky 5/26/77 
12 Corazon de Jesus Existing Dug Deep 12.10 13 None Dempster 
6/1/77 
13 Zent #2, Matina 
(Pedro Bustos) Existing Dug Shallow 4.20 15 None AID-SW 6/7/77 
I 14 San Miguel de Venado Existing Dug Deep 14.85 51 None Dempster 
6/15/77 
N J 15 Sabalito de Venado Existing Dug Deep 19.10 24 None 
Dempster 6/16/77 
I 16 Pueblo Nuevo de Colorado 
(School) Existing Dug Shallow 7.48 32 Dempster Fair X AID-SW 6/22/77 
17 San Francisco, Santa Cruz 
(School) Existing Dug Shallow 6.30 30 Dempster Fair Lucky 6/23/77 
18 Terciopelo de Nicoya Existing Dug Deep 7.61 50 Dempster Poor AID-DW 6/24/77 
19 Caimitalito de Nicoya 
(School) Existing Dug Deep 10.50 34 Red Jacket Broken AID-DW 6/24/77 
20 Judas de Chomes Existing Dug Deep 9.85 118 Dempster Broken X Dempster 8/12/77 
21 Limonal de Abangares Existing Dug Deep 9.30 30 Dominion Broken Dempster 9/2/77 
22 Zent #3, Matina 
(Mariano Grijalba) Existing Dug Shallow 4.90 8 None -- Lucky 6/7/77 
23 Santa Marta de Matina Existing Dug Shallow 4.10 42 Dempster Broken Lucky 7/27/77 
24 Tarcolesa de Orotina 
(School) Existing Dug Shallow 4.30 32 Dempster Fair Lucky 8/4/77 
25 Mesetas Abajo (School) Existing Dug Shallow 6.30 15 None -- Lucky 8/5/77 
26 San Juan Grande Existing Dug Deep 9.30 153 None -- AID-DW 8/5/77 
27 Sabana Grande Existing Dug Deep 8.30 245 Dempster Broken AID-DW 8/10/77 
28 Coyolito de Santa Cruz Existing Drilled Deep 10.00 65 Dempster Broken AID-DW 8/11/77 
29 La Lorena de Santa Cruz Existing Dug Deep 9.60 28 None -- Dempster 8/12/77 
30 Lajas de Canas Existing Dug Deep 10.00 19 None AID-DW 8/29/77 
31 Indiana Tres, Siquirres Existing Dug Shallow 3.25 40 None AID-SW 9/8/77 
lAverage estimated usage based upon individual user pattern surveys at each site. 
2AID-DW: AID pump for deep well; AID-SW: AID pump for shallow well; Dempster: Dempster deep-well type pump; Lucky: Japanese-made 
shallow-well type pump. 
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COSTA RICAN TEST SITE AREAS 
Sites in Costa Rica are concentrated in two major areas: 
(1) the northwestern quadrant around Nicoya, Santa Cruz, 




Shallow-well 	 $ 98 (each) 
Deep-well 	 $128 (each) 
Patterns 	 $498 (one-time charge only) 
Because an order for 20 pumps does not offer any significant economies of 
scale, it is terribly costly to manufacture such a small order, especially if 
the manufacturer is not familiar with the many components of the pump and how 
they relate to each other. The manufacturer broke even on the 20 pumps 
actually produced and has updated his prices to reflect a 5% profit and for 






20 103 134 
50 77 134 
100 75 123 
200 72 120 
500 68 113 
1,000 65 107 
The above price scales, represented graphically in Figure 2, show the 
high cost of small orders. However, as the quantity of pumps ordered increases 
beyond 100 or more pumps, the price per unit approaches a level that is both 
competitive and attractive, especially when compared to the constantly rising 
prices for pumps that are presently being imported into Costa Rica. There 
are other foundries in Costa Rica that can and probably will be used for 
future orders to meet the 47,000 pump demand, mentioned earlier, and it is 
felt that the prices quoted by Mecanizados Mofama can be improved upon. These 
other foundries were not originally interested in 20-pump orders but have been 
asked to express their interest in larger orders of the AID pump by submit-
ting formal quotes, and this information will be available soon. Considering 
the importance of spare parts availability, employment generation, and foreign 
trade balance of payments, the prices quoted to date are considered to be 
especially lucrative by project personnel, AID officials in Costa Rica, and 
Ministry of Health personnel that have installed the AID pumps. Further 
research and development through value engineering (a method of improving the 
value of the pump by improving the relationship between its function and its 
cost) could also lead to lower-cost possibilities. 
Figure 2 
COST BY QUANTITY TO PRODUCE 
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It should be noted that it has been very difficult during this program 
to arrive at a "representative" price for the AID pump because of extreme 
variances in manufacturing costs, especially overhead, between different 
countries and even between different manufacturers within the same country. 
For example, in Nicaragua, prior to placing an order with the manufacturer, 
price quotes were received from seven foundries that ranged from $69 (shallow-
well) and $75 (deep-well) to $225 (shallow-well) and $250 (deep-well). During 
a trip to Ghana, the project director for this program discussed the AID 
pump with AID and Ghanian government officials and discovered that prior 
investigations into the use of the AID pump for that country indicated a cost 
of approximately $500 per pump (shallow-well or deep-well) for a relatively 
large order (100 pumps or more). Inquiries into the manufacture of the AID 
pump in the Dominican Republic have provided cost estimates ranging from 
$72 (shallow-well) and $82 (deep-well) to $162 (shallow-well) and $204 (deep-
well). 
To complicate matters even more, a judgment of expected quality must be 
balanced against the price of the pump and, in some cases, higher prices have 
not necessarily reflected a potential for the highest level of quality. How-
ever, the various cost estimates show that the AID pump (shallow-well or deep-
well) can be provided for an attractive price of below $100. Further, it is 
the opinion of the authors of this report that if a particular country has an 
unusually high demand for water pumps, the AID pump conceivably can be manu-
factured for as low as $50 (for instance, 50,000-100,000 pumps required over 
a period of five to ten years). 
Manufacturing Specifications. The AID pumps were manufactured according 
to AID-approved Battelle drawings contained in the Appendix to this report and 
with the following additional instructions: 
1. The plunger rod was made from 1/2-inch diameter rod, rather than 7/16-
inch, because of difficulty in locating a reliable supply of 7/16-
inch stock. The pump rod nut, the rod end, and the plunger assembly 
also were changed to accommodate the 1/2-inch plunger rod. 
2. The handle pivot pins were hardened to 40 R c and steel bushings were 
(60-64 Rc) inserted in the pump handle holes. By taking this approach, 
the pins are expected to wear out before the handles, allowing easier 
repairs at the least cost. 
3. For the shallow-well pump, the 3-inch support pipe was internally 
coated with epoxy for a smoother surfaced cylinder finish. Option 
A (drawing No. 2001), using the bolted pump cap, was chosen in 
preference to a pin-mounted pump cap. 
4. For the deep-well pump (drawing No. 2002), Option A was chosen, 
using the bolted pump cap in preference to a pin-mounted pump cap. 
The pump cap was modified, however, because of concern by the 
manufacturer that he could not cast this particularly complex part. 
(Figures 3 and 4 are working drawings of the locally modified cap 
and its accompanying handle fulcrum.) The pump cylinder was con-
structed from standard PVC pipe. 
In addition to the above, all pumps were painted with an anticorrosive 
coating and consecutively numbered for identification purposes. In general, 
the manufacturing problems encountered were mostly associated with those to 
be expected from unfamiliarity with the pump itself on the first production 
order -- a prototype would have been very helpful -- and from poor castings. 
Quality control checks were carried out at periodic stages of production by 
Georgia Tech and ICAITI personnel, and, before acceptance of the finished 
pumps, all pumps were installed over a 55-gallon drum of water and checked 
for overall pump performance. 
It should be noted that the foundry producing the castings had no 
laboratory facilities and used scrap metal as the source of raw materials. 
High quality castings require a level of technology not generally expected to 
be found in developing countries and, without this technology, quality (such 
as degree of hardness) will vary from pump to pump and from one production 
order to the next. As a result, the pump castings produced in Costa Rica are 
rough in texture, contain voids and inclusions, and would be considered 
unacceptable by U.S. standards. However, the castings appear to be typical 
of what is presently available in Costa Rica and, more importantly, they seem 
good enough for meeting stressing that has been experienced in the field. 
Proper machine shop facilities and skilled machinists also are necessary 
for the manufacture of the AID pump. While the Costa Rican AID pump manufac-
turer had only a small shop (four employees) for the machining operations 
required, it was sufficient for pump production. The machine shop contained 
a multiple-speed lathe, a vertical lathe, welding equipment, a drill press, a 
metal cutter, and assorted hand tools. Sandblasting equipment was not available 
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but would have been useful in smoothing out the rough texture of the 
castings. Additionally, the machine shop did not have access to an oven, which 
was necessary for hardening the steel bushing inserts and the handle pivot 
pins (a competitor's oven was actually used). 
Comparative Pumps  
Two pumps were chosen for comparison with the AID pumps manufactured in 
Costa Rica -- a Dempster and a Japanese Kawamoto Daiichi "Lucky" pump. The 
Dempster model (see Figure 5) is considered by the authors of this report to 
be one of the better hand-operated water pumps in the world, has the cylinder 
below water level so that it can be used for wells of shallow or deep depth, 
and costs approximately $257 (1977 prices) in Central America, delivered (the 
$257 includes the pump, the cylinder, and transportation). The "Lucky" pump 
(see Figure 6) is for shallow wells only (25 feet or less in depth), appears 
to be of good quality, has a porcelain-lined cylinder, and costs approximately 
$63 in Central America, delivered. 
Monitoring System 
Responsible individuals in each test community have been provided with 
simple, printed report forms (see Form 1) designed to provide information 
covering community usage, pump physical condition, and functioning problems, 
if any. These forms are filled out and returned to Ministry of Health repre-
sentatives every 15 days. If the returned forms show complaints of any type 
concerning pump functioning or condition, a repair truck is dispatched to the 
site for investigation and repair of the defect. Should a serious pump failure 
occur that cannot be corrected readily by Ministry personnel, the Ministry has 
been instructed to request immediate assistance from Georgia Tech or ICAITI by 
telephone. 
Copies of all report forms, as well as a record of any repair work done 
on either AID or competitive pumps, are maintained at the Ministry of Health. 
This information is reviewed periodically by ICAITI for inclusion in pump 
performance control charts. In addition to the above, a site-by-site inspec-
tion of all pumps has been made approximately every 30 days by Georgia Tech 
and/or ICAITI personnel. 
Figure 5 
PUMPS and CYLINDERS 
DATA SHEET 360-3 
ISSUE DATE 1976 
CAST IRON 
Dempster hand and windmill pumps are adapted for wells of 
any depth. Neat in design and substantially built, 
equipped with a 4-bolt adjustable flanged top, extra lo:ig 
handles and heavy steel bearer pins. Tops fitted with 
stuffing box and packing for tight seal on the piston 
rod. 4-position handle adjustment for up to 10 inch 
stroke. Large capacity air chamber for smooth force 
pumping. Furnished with syphon or compression spout. 
Syphon spout furnished unless otherwise ordered. 2 x 
1-1/4-inch suction bushing furnished with each pump. 
MODEL 36 
Compression Spout 
Furnished at slight Additional Cost. 
MODEL 226F 
CONSTRUCTION 
MODEL 210F is a heavy-duty hand or windmill force 
pump. It has a 1-1/16-inch polished steel piston 
rod securely threaded to the flat bar. For wells of 
extreme depth, with large cylinders or continuous 
operation. This model is available with 2-1/2-inch 
tapping in the base at slight additional cost. 
Type 	 Hand & Windmill 
Suction Tapped 	  2 in. 
Piston Rod Threaded for, 
Rod 	  7/16 in. 
Pipe  3/8 in. 
Tapping in Rear 	  1 1 /4 in. 
Approx. Weight  71 lbs. 
MODEL 21 OF(CS) same as Model 210F except 
equipped with Model 36 Compression Spout. 
MODEL 226F is normal duty hand or wirk'rnili force 
pump. It has a 11/16 inch steel piston roa toted 
to the flat bar with a heavy cast set screw connec-
tion. For wells of shallow to moderate depth at 
normal farm and ranch operation. 
Type 	 Hand & Windmill 
Suction Tapped 	  2 in. 
Piston Rod Threaded for, 
Rod 	  7/16 in. 
Pipe  3/8 in. 
Tapping in Rear 	  1 1 4 in. 
Approx. Weight  70 lbs. 
MODEL 226FICS) same as Model 226 F except equipped 
with Model 36 Compression Spout. 
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Figure 6 
in LUCKY PUMP 
The most outstanding and unique feature of the 
"LUCKY" Hand Pump is the ConVertibility in 
its usage from an ordinary suctioning to pushing 
up water as illustrated. 
No other brand of hand pump offers this double 
usage. Thus, it makes "LUCKY" a very economical 
buy, "TWO PUMPS FOR THE PRICE OF 
ONE" 
Special Features: 
1. Chrome Pump Rod: A special 
hard chrome around the pump 
rod giyes "LUCKY" added 
durability. Only gun-metal and 
steel used in main parts and 
casted with the best pig iron. 
2. Porcelain Enameled Cylinder 
Liner: Unlike other pumps, 
"LUCKY" has a porcelain 
enameled cylinder liner which 
prevents rusting of the pump 
lining. Very little physical 
effort is required to get 
maximum amount of water in 
less time. 
3. Leakage Impossible: A special 
double gland packing prevents 
water leakage which is very 
common in other kinds of pumps. 
4. Vertical Pumping Motion: This 
kind of pumping motion makes it 
east% to connect the pump rod of 
the artesian wells, without any 
alteration. 
5. Mud Free : The unique 
construction of"LUCKY"pumps 
eliminates mud which ordinary 
pumps cannot do. 
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The underground water is 
sucked up through a suction 
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underground. 
AVAILABILITY: 
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USE: 
General home use, sucking, pushing 
up to a height, fire-preventing and 
watering. 
SPECIFICATION: 
Vertical size, 85cm high, steel-pipe 
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Bimonthly Inspection Report  
of Water Pumps  
Location: 
Water pump number: 
Date of inspection: 
Name of inspector: 
1. PHYSICAL CONDITION 
Indicate the condition of the following water pump parts. 
GOOD CONDITION 
	




Nuts and bolts: 
Pump stand: 
      
      
      
      
      
2. PERFORMANCE 
      
Indicate if there were a fault in the water pump 
in the last 2 weeks. 
 
Yes 	No 
If there were a fault, describe the problem and action, if any, taken to 
correct it. 
Indicate if there have been complaints about the performance of the water 
pump. 
Yes 	No 
If there were, describe it. 
Form 1(continued) 
3. USAGE 
Indicate how many people use this well. 
Less than 30 	30 to 50 	50 to 100 	100 to 200 	More than 200 
Indicate approximately how many times per day the pump is used. 
Less than 30 	30 to 50 	50 to 100 	100 to 200 	More than 200 
4. GENERAL OBSERVATIONS 
Pump Performance  
To date, the functional performance and acceptance of the Costa Rican-
manufactured AID pump has been satisfactory, but there have been casting 
defects encountered which have caused the replacement of three handles (Battelle 
drawing No. 2008), two shallow-well caps (Battelle drawing No. 2006), and one 
plunger cage (Battelle drawing No. 2017). In all cases, these failures have 
been caused by a lack of quality control at the foundry, which is not possible 
without laboratory facilities for testing the cast iron. (Table 2 shows 
maintenance performed to date on all pumps installed in Costa Rica.) The 
foundry used for the manufacture of the AID pumps in Costa Rica was represen-
tative of what might be found in many developing countries, but was not 
considered by project personnel to be the best in the country. Better 
foundries were available; however, these foundries were not interested in 
initial small orders even though the potential for much larger orders existed 
for the future. 
Leather cups have shown considerable wear in AID shallow-well pumps 
manufactured with metal cylinders and coated with epoxy. The cups appear to 
wear out for two reasons: first, the walls of the cylinders, even when the 
epoxy coating is applied, are too rough and, second, the diameter of the metal 
base of the plunger follower (Battelle drawing No. 2020) where the leather cup 
sits was made too small (causing the leather cup to catch between the cylinder 
wall and the base, literally tearing the cup apart). The roughness of the 
cylinder disappears as the cups hone down the cylinder and corrects itself 
after several cups have been worn out. If two or three changes of the cups 
in the early life of the pump are not acceptable, then the cylinder must have 
a PVC sleeve or be mechanically honed down during its manufacture -- an opera-
tion that may not be available in some developing countries. The smallness of 
the diameter of the plunger's metal base can be easily corrected by manufac- 
turing units that are exact size or slightly on the plus side of specifications 
(in other words, closer quality control). 
PVC cylinders for the AID deep-well pumps have performed exceptionally 
well, and there have been no leather cups changed in this type of cylinder 
(which seems to indicate that PVC or honed-down metal cylinders should be used 
for future pumps). There have been no significant problems with the U.S.-
manufactured Dempster or the Japanese-manufactured "Lucky" pumps to date. 
Table 2 






Installed April 	May 	June 	July August 	September October November December 
1 La Palma AID-DM 4/22/77 - 	 - - - 
2 San Joaquin AID-DW 4/22/77 - - - - 
3 El Torito AID-SW 5/17/77 - 	 - 	- - - cup and 
handle 
replaced 
4 Hernandez Lucky 5/18/77 
5 Curime Dempster 5/19/77 
6 Pijije Dempster 5/19/77 















9 Corina AID-SW 5/25/77 
10 Bristol AID-SW 5/26/77 cup replaced 
11 La Margarita Lucky 5/26/77 
12 Corazon de Jesus Dempster 6/1/77 
13 Zent #2 AID-SW 6/7/77 
14 San Miguel Dempster 6/15/77 
15 Sabalito Dempster 6/16/77 
16 Pueblo Nuevo AID-SW 6/22/77 cup and 
cap 
replaced 
17 San Francisco Lucky 6/23/77 
18 Terciopelo AID-DW 6/24/77 
19 Caimitalito AID-DW 6/24/77 
20 Judas de Chomes Dempster 8/12/77 
21 Limonal Dempster 9/2/77 
22 Zent #3 Lucky 6/7/77 
23 Santa Marta Lucky 7/27/77 
24 Tarcolesa Lucky 8/4/77 
25 Mesetas Abajo Lucky 8/5/77 
26 San Juan Grande AID-DW 8/5/77 
27 Sabana Grande AID-DW 8/10/77 
28 Coyolito AID-OW 8/11/77 
29 La Lorena Dempster 8/12/77 
30 Lajas de Canas AID-DW 8/29/77 
31 Indiana Tres AID-SW 9/8/77 cup replaced 
LAID-DW: AID pump for deep well; AID-SW for shallow well; Dempster: Dempster deep-well type pump; Lucky: Japanese-made shallow-well 
type pump. 
In order to determine further the durability of the different test pumps, 
attempts have been made to correlate the effects of different well depths and 
the number of people using the wells with the amount of total stress exerted 
on the test pumps. It is logical to assume that the greater the depth of the 
well and the greater the number of people using the pump, the greater the 
pump is stressed in pumping water over a given period of time. 
Under normal operating conditions, a pump is never uniformly stressed, 
that is, the force per unit area varies throughout the structure of the pump. 
Due to the difficulty in calculating total stress for the entire pump, both 
theoretical and actual work (in foot-pounds force) was determined on the 
delivery system of the pump (the amount of work required to lift one pound of 
water one foot in height). Even though theoretical work and actual work are 
both directly proportional to stress, theoretical work increased with increas-
ing well depth, while actual on-site work measurements randomly varied with 
depth (see Table 3). 
No correlation could be made between depth and work. These data indi-
cate that friction plays a dramatic role in the amount of work required to 
pump water. If a water pump is kept in a well-lubricated state, has a smooth 
cylinder, has a cup that fits snugly but not too tightly inside the cylinder, 
and has no surfaces that grind against each other, the amount of actual work 
required to produce water will approach the theoretical work figure. If any 
of the above conditions are not met (which is almost always the case), the 
friction factor increases drastically and, as seen in Table 3, a pump operat-
ing from a depth of 4.5 meters (Site No. 8) can require 1.2 times as much work 
as a pump bringing up water from a well 2.2 times as deep (Site No. 2). Mea-
surements will continue to be taken during the remaining monitoring period of 
this field-testing program to further analyze the relationship between stress 
on a water pump and the depth of the well. 
At present, usage has not been included in the calculations in Table 
3, since accurate water consumption per person per day is unknown. However, 
water meters have been installed on pumps at selected, representative sites 
in Costa Rica. After a period of four to six months, these meters will be 
removed and their data recorded. From this, and other daily, short-period 
data, the total work exerted on each individual pump over a fixed period of 
time will be examined. 
Table 3 
WORK EXERTED ON FIELD-TEST PUMPS (COSTA RICA) 












3.20 10 39 6 6.5 AID-SW 
3.25 31 54 6 9.0 AID-SW 
3.85 11 23 7 3.3 Lucky 
4.10 23 13 7 1.9 Lucky 
4.20 13 11 7 1.6 AID-SW 
4.50 8 70 8 8.8 AID-SW 
4.90 22 30 8 3.8 Lucky 
6.10 7 52 10 5.2 AID-SW 
6.30 17 58 10 5.8 Lucky 
7.61 18 21 12 1.8 AID-DW 
9.60 29 39 15 2.6 Dempster 
10.00 28 49 16 3.1 AID-DW 
10.35 5 38 16 2.4 Dempster 
10.50 19 46 17 2.7 AID-DW 
10.80 6 38 17 2.2 Dempster 
11.55 1 42 18 2.3 AID-DW 
11.70 2 58 18 3.2 AID-DW 
1/ Calculations for Actual Work. Actual work figures were ascertained, 
on-site, by measurement with a heavy-duty spring scale of the force required 
to lift water from each individual well. The force was then multiplied by the 
length from the plunger rod to the fulcrum point to determine the required 
work figures. 
2/ Calculations for Theoretical Work. When calculations are made to find 
the amount of theoretical work on a hand pump lifting water, the theoretical 
force must be found. This is done by first calculating the total number of 
cubic feet of water from the pump to the water level. The equation used is the 
following: 
V = 7TH DR) 2 - (r) 2 	,Th E(r i ) 2 _ ( 1.)2 
where 
V = Total Volume (ft. 3 ) 
R = Radius of drop pipe (ft.) 
H = Depth of the well to the water level minus the height of the 
water inside the pump assembly (ft.) 
r = Radius of the plunger rod (ft.) 
rl = Radius of the pipe inside the pump assembly (ft.) 
h = Height of the water inside the pump assembly (ft.) 
Table 3(continued) 
When V is determined, it is converted into pounds of water, assuming that 
one pound of water is equal to 1.603 x 10 -2 cubic feet. The total number of 
pounds of water is then added to the weight of the plunger rod and the plunger 
assembly. The total amount of force is the result. If this force is multi-
plied by the length from the plunger rod to the fulcrum point, total theo-
retical work is ascertained. For example, at Bristol (Site No. 10) in Costa 
Rica, the variables are as follows: 
R = 0.625/12 ft. 
H = (10.50 - 1.00) ft. 
r = 0.250/12 ft. 
rl = 1.50/12 ft. 
h = 1 ft. 
V = 7(9.5)[:(0.625/12) 2 - (0.250/12) 2:] + 7(1)[::(1.50/12) 2 - (0.250/12) 2:] 
V = 0.06801 + 0.04772 
V = 0.11573 ft. 3 
Therefore, the total number of pounds of water is: 
1 lb./1.603 x 10 -2ft. 3 = x/0.11573ft. 3 
x = (1 lb.) (0.11573ft. 3 )/(1.603 x 10-2ft. 3 ) 
x = 7.22 lbs. of water 
The total weight of the plunger rod and plunger assembly in this example is 
6.75 pounds. The total force is then found to be 13.97 pounds (7.22 plus 
6.75). With the distance from the plunger rod to the fulcrum point being 
5/12 feet the total theoretical work is 5.82 ft.lbf (5/12 times 13.97 lbf). 
Water Quality -- Bacteriological and Chemical  
Water samples were taken from 13 Costa Rican locations prior to 
installation of pumps to determine the level of bacteriological contamination 
in the water being used by rural villagers. (Three of the locations were 
subsequently dropped as test sites.) All locations, except one, contained 
Escherichia coli in concentration ranging from 3.6 to 1,100 per 100 ml. 
sample, as shown in Table 4. 
Inasmuch as the presence of E. coli indicates fecal contamination, ideally 
none should be present. It was not surprising to find this existing condition, 
however, due to the poorly designed and constructed wells. While the wells were 
disinfected at the time of their construction, imperfect sealing of the top 
and seepage of surface water have led to subsequent contamination. Bacterial 
quantity is subject to considerable variability, and frequent analysis of each 
Table 4 
SUMMARY OF BACTERIOLOGICAL ANALYSIS, COSTA RICA 




per 100 ml @ 35°C 
E. coli per 
100 ml @ 44°C 
1 La Palma de Abangares 1,100 460.0 
2 San Joaquin de Abangares 460 21.0 
3 Conjunto IMAS, El Torito, 
Samara 290 290.0 
5 Curime de Nicoya 43 3.6 
6 Pijije de Bagaces 150 3.6 
7 La Javilla de Canas 93 3.6 
16 Pueblo Nuevo de Colorado 1,100 290.0 
18 Terciopelo de Nicoya 0 0.0 
19 Caimitalito de Nicoya 1,100 120.0 
20 Judas de Chomes 210 150.0 
-- San Buena Ventuna de Colorado 460 240.0 
Penas Blancas de Colorado 1,100 1,100.0 
Nicoya (Barrio San Martin) 210 20.0 
Note: All tests performed in accordance with Standard Methods for the Exam-
ination of Water and Waste Water, 13th Edition APHA, 1971. 
site would be required to provide definitive data; it is noteworthy, on the 
other hand, that there was only one location free of coliforms. (World Health 
Organization water quality standards for total coliforms and for E. coli con-
sider 10/100 ml. and 0/100 ml., respectively, as highest permissible levels.) 
Water disinfection has been a routine matter in Costa Rica during the 
installation of pumps, but there has been no laboratory analysis to reveal the 
extent of assumed contamination in the wells. Because many of the sites in 
Costa Rica had been disinfected in the past only to result in continued con-
tamination, the sites were tested again after pump installation to measure the 
effectiveness of pump programs such as this one now being carried out in Costa 
Rica and Nicaragua. 
The bacteriological analyses, shown in Table 5, indicate that all waters 
involved in the second sampling were polluted to some extent, and some were 
grossly polluted. The presence of E. coli is taken as an indication of fecal 
contamination, and thus indicates the possible presence of pathogens associated 
with the intestinal tract of humans or other mammals. Persistent failure to 
Table 5 
SUMMARY OF BACTERIOLOGICAL ANALYSIS, COSTA RICA 




per 100 ml @ 35°C 
E. coli per 
100 ml @ 44°C 
1 La Palma de Abangares 23 3.6 
2 San Joaquin de Abangares 39 3.6 
4 Hernandez de Santa Cruz 1,100 150.0 
5 Curime de Nicoya more than 1,100 210.0 
6 Pijije de Bagaces 1,100 23.0 
7 La Javilla de Canas more than 1,100 1,100.0 
9 Corina more than 1,100 93.0 
10 Bristol more than 1,100 210.0 
11 La Margarita 1,100 53.0 
12 Corazon de Jesus de Kutru 1,100 35.0 
13 Zent #2 
(Sr. Pedro Bustos) more than 1,100 1,100.0 
14 San Miguel de Venado 1,100 460.0 
15 Sabalito de Venado 1,100 1,100.0 
16 Pueblo Nuevo de Abangares 1,100 43.0 
18 Terciopelo de Nicoya 93 93.0 
19 Caimitalito de Nicoya more than 1,100 more than 1,100 
San Fernando de Santa Cruz 1,100 28.0 
La Pastora de Quepos 1,100 120.0 
Santa Domingo de Quepos 290 35.0 
Note: All tests performed in accordance with Standard Methods for the  
Examination of Water and Waste Water, 13th Edition APHA, 1971. 
improve the qualities of these waters should, as a general rule, lead to 
condemnation of the water supply. 
It should be noted that Ministry of Health officials in Costa Rica have 
positively and constructively accepted the results of these water analyses by 
implementing the suggestions of project personnel to improve their organiza-
tional structure. Organizational changes are now under way that will allow 
trained engineers to look at the complete water system, rather than just the 
installation of a water pump, and, hopefully, use structures and disinfecting 
techniques that are actually capable of sealing off all sources of contamina-
tion. 
Because data were needed on chemical quality of the water represented by 
the field-test sites, further sampling of the water was carried out soon after 
pump installation (the results are shown in Table 6). These samples were 
performed by the Ministry of Health and, with few exceptions, the character-
istics of these waters were quite similar. 
Table 6 
SUMMARY OF CHEMICAL ANALYSES OF WATERS -- COSTA RICAW 
Site 

















2 San Joaquin de 
Abangares 5 285.0 256.0 150.0 150.0 150.0 170.0 0.0 0.0 24.0 <1 6.6 11.5 -4.9 
3 El Torito de 
Samara 5 196.0 163.0 112.5 0.0 112.5 120.0 0.0 0.0 38.4 <1 6.5 11.0 -4.5 
4 Hernandez de 
Santa Cruz 5 234.0 231.0 170.0 0.0 170.0 172.5 0.5 0.0 24.0 <1 7.2 11.0 -3.8 
5 Curime de Nicoya 5 267.0 223.0 100.0 47.5 147.5 100.0 0.10 0.0 19.2 <1 8.2 11.0 - 	.25 
6 Pijije de Bagaces 5 262.0 231.0 105.0 0.0 105.0 152.5 0.0 0.0 24.0 <1 6.9 11.2 -4.2 
7 La Javilla de 
Canas 5 352.0 316.0 190.0 0.0 190.0 230.0 0.0 0.0 29.0 1 6.7 11.0 -3.3 
8 Zent #1 5 166.0 166.0 104.0 16.0 120.0 104.0 0.1 0.0 29.0 1 6.4 11.9 -5.5 
9 Corina 5 210.0 172.0 160.0 7.0 167.0 160.0 0.1 0.0 25.0 <1 7.5 11.9 -4.4 
10 Bristol 5 230.0 226.0 176.0 4.0 180.0 176.0 0.0 0.1 27.0 <1 6.6 11.9 -5.3 
11 La Margarita 7 204.0 197.0 120.0 10.0 130.0 120.0 0.2 0.3 19.2 <1 6.5 11.9 -5.4 
13 Zent #2 5 172.0 171.0 69.0 26.0 95.0 69.0 0.1 0.0 19.2 <1 6.4 11.9 -5.5 
1 
ca 14 San Miguel de 
. Venado 5 178.0 162.0 97.0 8.0 105.0 97.0 0.0 0.0 0.0 <1 6.7 11.9 -5.2 
1 
15 Sabalito de Venado 5 180.0 171.0 49.0 35.0 84.0 49.0 0.0 0.0 4.8 <1 6.5 11.9 -5.4 
16 Pueblo Nuevo de 
Abangares 5 462.0 428.0 380.0 5.0 385.0 380.0 0.0 0.0 43.2 <1 7.1 11.7 -4.6 
17 San Francisco de 
Santa Cruz 5 214.0 196.0 150.0 2.5 152.5 150.0 0.0 0.0 28.0 <1 6.9 11.6 -4.7 
18 Terciopelo de 
Nicoya 5 412.0 411.0 350.0 5.0 355.0 350.0 0.0 0.0 29.0 <1 7.1 11.3 -4.2 
19 Caimitalito de 
Nicoya 5 261.0 252.0 180.0 0.0 180.0 180.0 0.0 0.0 24.0 <1 7.0 11.2 -4.2 
22 Zent #3 5 230.0 229.0 146.0 4.0 150.0 146.0 0.1 0.1 25.0 <1 6.6 11.8 -5.2 
WHO Limits: 
Highest 
Desirable 500.0 100.0 0.10 0.05 200.0 (b) 7.0-8.5 
Maximum 1,500.0 500.0 1.00 0.50 400.0 (b) 6.5-9.2 
2/ All Values mg/1 except pH. 
12/ Values above 45 mg/1 considered potentially harmful, especially to children. 
c/ Negative values indicate waters corrosive to metal. 
NICARAGUA 
Background  
Data from 1975 show that 56% of the total population of Nicaragua has 
relatively easy access to piped water supplies; however, when this figure is 
broken down into urban and rural areas, it is seen that 100% of the urban 
population has easy access to this type of water system, while only 14% of the 
rural population has easy access. Comparative figures for Costa Rica are 
72% (total), 100% (urban), and 56% (rural). 17 
Nicaragua was chosen as a test country because of a rural water supply and 
hand-pump program loan by AID to that country involving the installation of 
hand-operated water pumps. The loan provisions included potable water systems 
that will construct 300-340 wells by the end of 1979, which the AID/Georgia 
Tech/ICAITI program has complemented by providing technical assistance in 
pump selection, installation techniques, and pump maintenance, and which has 
enabled the Ministry of Health in Nicaragua to take advantage of locally manu-
factured hand pumps that can be produced at a cost lower than commercially 
available pumps. This local program increases spare parts availability, con-
tributes to a positive balance of trade, and stimulates local employment. 
As in Costa Rica, program activities began in Nicaragua in January 1977. 
A local foundry was chosen to manufacture 20 AID pumps (eleven deep-well and 
nine shallow-well) which were produced and delivered to a Ministry of Health 
warehouse for storage and installation in May. Two kinds of locally available 
pumps were chosen to compare the AID pump with: a Dempster and a Brazilian 
"Marumby" pump. A pump developed by the International Development Research 
Centre (IDRC) of Ottawa, Canada, was also used for comparison. Thirty sites, 
representative of Nicaragua, were approved to receive the test pumps (16 AID 
pumps and 14 comparative pumps), and all of the sites required extensive prep-
aratory work before pumps could be installed. Pumps were installed by a 
Ministry of Health installation team, and the wells were disinfected with a 
chlorine-yielding substance. As in Costa Rica, the sites had chemical and 
1/ World Health Statistics Report, Water and Sanitation, Volume 29, No. 
10, published by the World Health Organization, Geneva, 1976. 
bacteriological testing prior to installation of test pumps and showed 
intestinal bacteria, requiring further testing to determine if the contamina-
tion is being sealed out by the addition of a closed well and the use of a 
hand pump for lifting the water. 
Field Test Sites  
Table 7 shows the sites selected for field testing in Nicaragua. All of 
the wells were in existence at the beginning of the project, and there was one 
spring, Site No. 10 (El Naranjo), that was adapted to support a pump. The 
sites consist of 16 shallow wells and 14 deep wells equipped with 16 AID 
pumps and 14 comparative pumps. Usage is quite high for the sites, averaging 
170 persons, and all wells have required improving site work of some kind 
(well deepening, lining applied to the well, slab and drainage concrete work 
performed, and cleaning and disinfecting of the well). Seven originally 
selected sites posed problems that neccessitated a search for substitute wells. 
The problems included the striking of hard rock during excavation, wells caving 
in, water sources polluted beyond the ability to correct quickly, and vil-
lagers deciding that they would prefer an electric pump and storage tank to a 
hand-operated water pump (even if the villagers had to pay for the electric 
pump and storage tank). The general areas of site concentration are in the 
northern section of Nicaragua in the vicinity of Condega, Esteli, and Matagalpa 
(see Maps 2 and 3). 
It was the original intent of this project to use existing wells with 
pumps that were inoperable or in a state of disrepair and to merely replace 
the broken pumps with the test pumps. However, this approach was impractical 
in Nicaragua because there were few existing hand-pump installations and it 
was, therefore, necessary to deepen 24 wells, provide linings for 12 wells, con-
struct slabs for 30 well structures, and disinfect all 30 wells to complete 
installation of the pumps. The construction improvements were provided and super-
vised by PLANSAR, an impressive unit of the Ministry of Health. 
Manufacture of AID Pumps  
Manufacturing Costs. In manufacturing the AID pumps in Nicaragua, a some-
what surprising situation was encountered -- foundries were plentiful, but 
pattern makers, a very necessary requirement for local production, were almost 
nonexistent. A foundry was located that appeared to have the resources, including 
Table 7 





























1 La 	Garita (Schoolhouse) Existing Dug Deep 8.98 150 None 
Dempster 4/27/77 
2 Las Lajitas Existing Dug Shallow 5.85 160 None 
X Marumby 5/12/77 
3 La Lamilla Existing Dug Deep 15.38 100 None 
Dempster 5/12/77 
4 San Antonio Existing Dug Deep 10.42 100 None 
X Dempster 5/13/77 
5 Las Mesas Existing Dug Shallow 5.70 150 None 
Marumby 5/16/77 
6 Las Menges Existing Dug Deep 14.66 400 None 
AID-DW 6/16/77 
7 Llane Grande Existing Dug Shallow 3.97 150 None 
CAN-SW 5/28/77 
8 San Diego Existing Dug Shallow 5.03 100 None 
Marumby 5/28/77 
9 Mechapa Existing Dug Deep 18.75 190 None 
Dempster 6/4/77 
10 El Naranjo Existing Spring Shallow 3.12 210 None 
AID-SW 5/28/77 
11 Isidrillo Existing Dug Deep 26.10 360 None 
Dempster 6/11/77 
12 La Concepcion Existing Dug Shallow 2.85 280 None 
AID-SW 6/8/77 




14 Los Calpules (Stream) Existing Dug Shallow 3.75 150 None 
AID-SW 6/22/77 
i 15 Los Calpules 
(Schoolhouse) Existing Dug Deep 9.45 150 None 
Dempster 6/22/77 
16 Paso Hondo Existing Dug Shallow 7.55 75 None 
Dempster 6/23/77 
17 Quebrada Arriba Existing Dug Shallow 4.73 150 None Marumby 
7/21/77 
18 Las Lajas Existing Dug Shallow 6.65 90 None 
AID-SW 7/26/77 
19 Los Hatillos (Plaza) Existing Dug Deep 17.19 100 None 
AID-DW 7/26/77 
20 Los Hatillos Existing Dug Deep 17.25 100 None -- 
AID-DW 7/27/77 
21 Musuli Existing Dug Deep 10.16 50 Dempster Broken 
AID-DW 7/27/77 
22 Los Rincones Existing Dug Deep 9.46 150 Dempster Broken 
AID-DW 7/28/77 
23 Santa Rosa Existing Dug Deep 17.60 656 Dempster Broken 
X AID-DW 7/29/77 
24 El J000te Existing Dug Deep 15.00 150 None -- 
AID-DW 7/28/77 
25 Mechapa - La Conception Existing Dug Shallow 2.95 54 None 
AID-SW 7/29/77 
26 Licoroy Existing Dug Shallow 5.00 50 None 
AID-SW 7/30/77 
27 Tomabu Existing Dug Shallow 2.50 250 None 
AID-SW 7/29/77 
28 El Espinal #1 Existing Dug Shallow 3.50 360 None X 
AID-SW 7/30/77 
29 El Espinal #2 Existing Dug Shallow 5.95 300 None X 
AID-SW 7/30/77 
30 Sabana Grande Existing Dug Shallow 2.80 75 None 
Marumby 8/9/77 
Note: AID-DW: AID pump for deep well; AID-SW: AID pump for shallow well; Dempster: Dempster deep-well type PAP ; Marumby: Brazilian shallow-
well type; CAN-SW: Canadian pump for shallow well. 
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NICARAGUAN TEST SITE AREAS 
Sites in Nicaragua are concentrated in the northern 
part of the country, near Condega (not shown on this 





















pattern makers, to manufacture a quality AID pump, and a contract was signed 
on January 22, 1977, between Georgia Tech and Complejo Metalurgico Especializado, 
S.A. (Cometales) for the manufacture of eleven deep-well pumps and nine shallow-
well pumps. The prices of the pumps, for an order of 20, were as follows: 
Shallow-well 	$ 	69 (each) 
Deep-well 	 75 (each) 
Patterns 	 1,000 (one-time charge only) 
Based on the manufacturer's experiences with the first production run of the 
pumps, the following prices have been formally quoted for future orders, and 
are presented graphically in Figure 7. 
Shallow-Well 	Deep-Well 
Quantity 	($ Price/Unit) ($ Price/Unit)  
20 150 150 
50 100 150 
100 98 147 
200 95 142 
500 90 135 
1000 85 127 
As was the case in Costa Rica, an order for only 20 pumps offered no 
significant economies of scale, and start-up costs were higher than originally 
expected because the manufacturer was totally unfamiliar with the working com- 
ponents of water pumps. The manufacturer encountered many unforeseen problems 
that increased his costs, such as the inability to cast the deep-well pump cap 
as specified and to obtain correctly sized PVC (3-inch inside diameter) for the 
deep-well cylinder, as well as a severe drought that struck Nicaragua which 
restricted the supply of hydroelectric power to the point that the manufacturer 
was allowed only four hours per day of electricity to run his plant. As a 
result of the manufacturer's experiences with the first production run of the 
AID pump, much higher price quotes have been submitted to the Ministry of 
Health for future orders. It is felt that the increased prices are over-
inflated and, considering the weight of the AID pump (approximately 75 lbs.) 
versus a general foundry pricing guideline for Central America of between one 
and two dollars per pound (depending on complexity of the product), a more 
realistic pricing structure would allow the AID pump (both shallow-well and 
deep-well) to be manufactured and sold for less than $100. This opinion has 
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Figure 7 
COST BY QUANTITY TO PRODUCE 














been passed along to the manufacturer, and a reconsideration of the manufacturer's 
prices has been requested. 
Manufacturing Specifications. AID pumps in Nicaragua were also manufactured 
according to the approved drawings contained in the Appendix to this report and 
with the following additional instructions: 
1. The plunger rod was made from 1/2-inch diameter rod, rather than 
7/16-inch stock. The pump rod nut, the rod end, and the plunger 
assembly also were changed to accommodate the 1/2-inch plunger rod. 
2. The handle pivot pins were hardened to 40 Rc , and steel bushings 
(60-64 Rc) were inserted in the pump handle holes. 
3. For the shallow-well pump, the 3-inch support pipe was internally 
coated with epoxy for a smoother surfaced cylinder finish. Option 
A (drawing No. 2001), using the bolted pump cap, was chosen in 
preference to a pin-mounted pump cap. 
4. For the deep-well pump (drawing No. 2002), Option A was chosen, 
using the bolted pump cap in preference to a pin-mounted pump cap. 
The AID pump manufacturer in Nicaragua had a complete, integrated foundry 
and machine shop with trained metallurgists in the day-to-day management of the 
company. The manufacturer also possessed, and used, laboratory analysis 
facilities for the casting process, a quality control ingredient that is not 
normally expected to be found in developing countries. While it appears that 
the AID pump is adaptable to local manufacture in Nicaragua, the requirement 
of available casting facilities will most likely restrict the use of the pump 
in some developing countries. 
Comparative Pumps  
Two pumps were chosen for comparison with the AID pump that were locally 
available to the people of Nicaragua. These pumps were the Dempster (for 
shallow or deep wells) and a Brazilian "Marumby" pump (for shallow wells only). 
A pump developed by IDRC (for shallow or deep wells) was also used for compari-
son purposes (see Figure 8). The Dempster is designed for heavy-duty use in 
both shallow and deep wells, has a brass-lined cylinder, is made of cast iron, 
and has a very good worldwide reputation, as pointed out earlier. The 
Brazilian pump (see Figure 9) uses a 1 1/4-inch drop pipe (as do the Dempster 
Figure 8 
THE IDRC PUMP 
The above photo is of the IDRC-developed pump that was installed at 
Llano Grande (Site No.7), in Nicaragua. The pump is made of indigenous 
materials (wood, galvanized iron pipe, and PVC pipe) and represents a 
design that simplifies hand pumps mechanically by substituting plastic 
pipe for traditional steel and cast iron. The casing is three-inch 
PVC pipe that serves as the drop pipe and the cylinder housing the 
piston assembly (this allows the piston and check valve to be brought 
up for inspection by pulling up the plunger rod without disassembling 
the drop pipe). Both piston and check valve are made of the same inter-
changeable components: perforated plastic discs with flapper valves 
covering the holes. The pump handle is made of standard galvanized 
iron pipe and the pivot points use oil-impregnated wooden bearings. 
6 
BOMBA SIMPLES 
(BICA DE JARRO) 
Tipo EJ 
Para cano de 1 1/4" corn pisteio de ferro 	Cr$ 	  
24 40 42 
13 
erm=„6. 0 0 
1 1/4" 
280 mm. 
Peca n.° 	1 	- Prato 	(Plate) 
2 	Corpo (Body) 
4 - Alavanca (Handle) 
6 	Anel suporte alavanca 	(Support ring) 
9 - Corpo do pisteio (Piston body) 
80 mm. 10 Porca do pistdo 	(Piston nut) 
11 Valvula do pistao 	(Piston valve) 
22 L. 13 Haste do pistdo 	(Piston rod) 
7 m. 24 Peso do valvulo (Valve weight) 
13 kg. 40 Mango de couro (Leather sleeve) 
42 Valvula de couro p/ prato 
ESPECIFICAOES: 
Succao cono de (Suction tube) 
Altura do corpo (Height of body) 
Diametro inferno do cilindro (ID of 
cylinder) 
Rendimentos em 55 movimentos 
do pisteio por minuto (Flowrate/min.) 
Succeio ate (Suction depth) 
Peso liquido (Weight of liquid) 
Figure 9 
MARUMBY (BRAZILIAN) PUMP 
(Leather valve for plate) 
and AID pumps) and has a cylinder slightly over three inches (3.1") of smooth 
cast iron. The pump developed by IDRC uses a 3-inch diameter PVC drop pipe 
that is unique in that it also serves as the cylinder for the piston assembly 
(which can be inserted into or withdrawn from the cylinder while the cylinder 
and drop pipe are attached to the pump that is secured to the well's upper 
structure). 
The Dempster pump costs approximately $257 in Central America, the 
Brazilian "Marumby" approximately $45, and the IDRC pump about $70 (this 
estimated $70 cost is for comparison only and can vary widely, depending on 
the materials and the pricing systems used by the fabricating shop). It is 
interesting, at this point, to recap all pumps included in the field testing 
of the AID pump, noting, as explained earlier, that price estimates for the 
manufacture of the AID pump vary greatly from country to country as well as 
from manufacturer to manufacturer within the same country. 
Costa 
	
Rica 	Nicaragua  
1. AID Shallow-Well (for shallow wells only) 	$ 98 	$ 69 
2. Japanese "Lucky" (for shallow wells only) 	63 
3. Brazilian "Marumby" (for shallow wells only) 	 45 
4. AID Deep-Well (for deep and shallow wells) 	128 	75 
5. Dempster (for deep and shallow wells) 	 257 	257 
6. IDRC PVC Cylinder (for deep and shallow 
wells) 	 70 
Another approach to analyzing the relative costs of the field-test pumps 
is to consider the total estimated cost of installing each pump complete with 
drop pipe (average price @ $.70 per foot), plunger rod (average price @ $.71 
per foot), drop pipe connectors (average price @ $.91 each), and plunger rod 
connectors (average price @ $1.06 each) at various depths. The Brazilian 
"Marumby" shallow-well pump extends to $63 for a 25-foot well. The Japanese 
"Lucky" shallow-well pump, when installed in a 25-foot well, costs $81. The 
AID shallow-well pump, installed at 25 feet, costs $87 in Nicaragua and $116 
in Costa Rica. The Dempster pump for shallow or deep wells is a very good pump 
but is very expensive, also. The IDRC pump for shallow or deep wells, is com-
petitive in cost with the AID pumps used for deep wells (or shallow well, if so 
desired). However, the cost data on the IDRC pump for this report represents 
only one pump and does not give enough information for reliable conclusions. 
-45- 
25 	50 	75 	100 	150 	200 	250 
ft. ft. ft. ft. ft. ft. ft. 
AID Shallow Well (C.R.)* 	 $116 $ 	$ 	$ 	$ 	$ 	$ -- 
AID Shallow Well (Nic.)* 	 87 
Japanese "Lucky"* 	 81 
Brazilian "Marumby"* 	 63 
AID Deep Well (C.R.) 135 	172 	210 	251 	324 	398 	474 
AID Deep Well (Nic.) 	 106 	143 181 222 295 369 445 
Dempster 	 294 331 369 410 483 557 633 
IDRC (three-inch PVC cylinder)** 	123 	167 	212 	254 	355 452 	537 
* Cannot be used for depths of more than 25 ft. 
**PVC priced @ $1.20 per foot. 
Monitoring System 
In Costa Rica, designated, responsible individuals in each test community 
have been provided with simple, printed report forms designed to provide infor-
mation covering community usage, pump physical condition, and functioning 
problems, if any. These forms are filled out every 15 days and mailed to an 
AID engineer in San Jose for analysis, who then reproduces them and turns the 
copies over to Ministry of Health representatives. If any of the returned 
forms indicate that repairs are necessary, a maintenance team is dispatched to 
correct the problems. 
The monitoring system in Nicaragua is similar to that in Costa Rica, 
except that all pumps are inspected every 15 days by Ministry of Health 
engineers who are permanently stationed in the field and are responsible for 
the completion of the report forms as well as initiating any necessary repairs. 
Information included in the report forms is reviewed periodically by ICAITI 
and recorded on pump performance charts. All Nicaraguan test sites have been 
inspected at one month intervals by Georgia Tech and/or ICAITI, also. 
Pump Performance  
To date, the Nicaraguan-manufactured AID pumps have been very well 
received by the people installing, operating, and maintaining them. Because 
of confidence that the Ministry of Health has in the pumps, an additional 100 
have been ordered by the Ministry from the manufacturer for future installation. 
Two major problems with the AID pump (see Table 8) became apparent when 
installation of the pumps began. The most critical problem was that the 
deep-well pump cap's (Battelle drawing No. 2027) weakest point was where maxi-
mum stress was being applied by the handle fulcrum upon the pivot arm of the 
cap, causing the pivot arm to break off from the cap. This problem caused very 
close to a 100% pump failure and was partly the fault of the design and 
partly the fault of the manufacturer. Because of the indented contour of the 
top plate of the pump body (see Battelle drawing No. 2007), it is not pos-
sible to cast the pump body as specified by the drawings (the patterns for 
the pump cannot be removed from the molding sand without destroying the mold). 
Therefore, the manufacturer eliminated the indented contour of the top plate 
of the pump and then did not have enough clearance between the pivot arm of 
the cap and the top of the pump body. In order to obtain a better fit between 
the pump cap and the pump body, the manufacturer milled away a fillet on the 
pivot arm, thereby leaving a notch and a weak link at the point of maximum 
stress. To alleviate the entire problem, the pump cap has been redesigned by 
lifting the pivot arm up and away from the pump body and positioning it so 
that it does not absorb so much of the stress caused by the downward force of 
the pump handle (the fulcrum handle, naturally, had to be shortened). (See 
Figures 10 and 11.) The redesigned cap was put into production at the manu-
facturer's foundry, installed on the pumps in the field, and has presented no 
additional problems. 
The second major problem encountered with the AID pump in Nicaragua 
evolved when the manufacturer could not find 3-inch (inside diameter) PVC pipe 
for the deep-well cylinders. As a result, the manufacturer used 3-inch (out-
side diameter) PVC pipe and expanded it, by heating, to a 3-inch inside 
diameter. Quality control for such an approach was most difficult, and the 
results were unacceptable. While several of these PVC cylinders were installed 
in the field, it was decided that metal cylinders, coated internally with 
epoxy, would have to be used until the correct size PVC could be made available 
locally or imported from another country. 
Excessive wearing of leather cups has also presented problems for the 
AID pump in Nicaragua. Battelle drawing No. 2019 specifies a 3-inch diameter 
leather cup for a 3-inch cylinder, which would be satisfactory if leather did 
not expand when wet. To allow for expansion, the dry cups should have been 
made approximately 1/16-inch diameter undersized. A replacement order for the 
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Table 8 






Installed April, 	Mat 	June 	July August September October November December 
1 La Garita Dempster 4/27/77 - 	- 	 - - - 
2 Las Lajitas Marumby 5/12/77 - - - - - base gasket 
replaced 
3 La Lamilla Dempster 5/12/77 - 	- 	- - - - 
4 San Antonio Dempster 5/13/77 - 	 - - 
5 Las Mesas Marumby 5/16/77 - 	 - - - - 
6 Las flanges AID-DW 6/16/77 - 	- cap 
replaced 
- 




8 San Diego Marumby 5/28/77 - - - - cap is 
cracked and 
needs replacing 
9 Mechapa Dempster 6/4/77 - 	 - 	- - - 
10 El Naranjo AID-SW 5/28/77 - - - - - - 




12 La Concepcion AID-SW 6/8/77 - 	- 	- 	- - - 
13 El Rodeo Dempster 6/17/77 - - - - - - - 
I 





- cup and 
cap 
replaced 
IP 15 Los Calpules Dempster 6/22/77 - 	 - - - - 
00 16 Paso Hondo Dempster 6/23/77 - - - - 
17 Quebrada Arriba Marumby 7/21/77 - - - - cap is 
cracked and 
needs replacing 
18 Las Lajas AID-SW 7/26/77 - 	- 	- cup 
replaced 
- 




20 Los Hatillos AID-DW 7/27/77 - - cap 
replaced 
- - 
21 Musuli AID-DW 7/27/77 - 	- - - - - 









24 El Jocote AID-DW 7/28/77 - - - 
25 Mechapa - 
La Concepcion AID-SW 7/29/77 - 	- 	- - - - - 
26 Licoroy AID-$W 7/30/77 - - handle 
replaced 
- 
27 Tomabu AID-SW 7/29/77 - 	- 	- 	- - cap 
replaced 
- 
28 El Espinal AID SW 7/30/77 - 	- - - - cup 
replaced 
29 El Espinal AID-SW 7/30/77 - 	- - - 
30 Sabana Grande Marumby 8/9/77 cap replaced 
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MODIFIED DEEP-WELL PUMP CAP 
IN NICARAGUA 
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FULCRUM HANDLE FOR MODIFIED DEEP-WELL 
PUMP CAP IN NICARAGUA 
-50- 
original oversized cups was filled by the pump manufacturer, and the wearing 
of these new cups has been considerably less due to the use of a blanking 
tool that improves the quality controls of the manufacturer. The blanking tool 
has proven to be very beneficial and is being modified to resemble a method 
suggested by Dr. Eugene McJunkin, in a recent publication: 
For "mass production," wooden forms can be used. To make the forms, 
use wooden boards about 3/4-inch (approx. 19mm) in thickness, having 
holes of the same diameter as the pump cylinders, and nailed to a 
stiff backboard. Cylindrical blocks, 3/8-inch (approx. 9.54mm) less 
in diameter, are bolted concentrically within the circular openings. 
The bolts should be long enough so that . . . wet and pliable lea- 
ther, laid over the holes, can be drawn down by the bolts and blocks, 
forcing the leathers into position . . . let dry, remove and trim 
the wrinkled edge with a sharp knife (including the center hole), 
soak for 12 hours in an edible oil (preferably neat's-foq),, wax, 
and lightly apply graphite grease to the wearing surface.-/ 
The Brazilian "Marumby" pump is beginning to have problems. The weakest 
point of the pump appears to be where the handle and the pump cap are con-
nected. In three of the five pumps being tested, the pump cap has had to be, 
or needs to be, replaced due to breakage at this point. Spare parts are also 
difficult to find for this pump, and the local distributor does not carry a 
large inventory of extra pumps for replacement purposes -- a factor that 
enhances the argument for locally manufacturing pumps so that spare parts can 
be made readily available. 
The Dempster pumps in Nicaragua, as in Costa Rica, have had no major 
problems. The IDRC pump has performed relatively well but has had some dif-
ficulty with its foot valve sticking in the open position (allowing the pump 
to lose its prime). 
Attempts also have been made in Nicaragua to correlate the effects of 
different well depths and the number of people using the wells with the amount 
of total stress exerted on the pumps. Because of the tremendous role friction 
obviously plays on the performance of the pumps (all types) and the many vary-
ing factors that change the amount of friction on an almost daily basis, no 
correlation could be made between the durability of the pump and the depth of 
1/ F. Eugene McJunkin, Handpumps for Use in Drinking Water Supplies in  
Developing Countries, (The Hague, the Netherlands: International Reference 
Center for Community Water Supply, 1977), p. 196. 
the wells (see Table 9). Water meters also have been installed at representative 
sites in Nicaragua to study the effects of usage of the pumps and their respec-
tive maintenance requirements. 
Table 9 
WORK EXERTED ON FIELD-TEST PUMPS (NICARAGUA) 













3.50 28 8 6 1.3 AID-SW 
3.75 14 12 7 1.7 AID-SW 
5.85 2 10 10 1.0 Marumby 
5.95 29 24 10 2.4 AID-SW 
9.46 22 64 15 4.3 AID-DW 
10.16 21 34 16 2.1 AID-DW 
10.42 4 77 17 4.5 Dempster 
17.60 23 38 27 1.4 AID-DW 
18.75 9 150 29 5.2 Dempster 
Note: While the above data have been gathered from only nine of the thirty 
sites in Nicaragua, it is felt that the measurements are representa- 
tive of all sites. In the next several months all sites will be 
examined and analyzed, however. 
Water Quality -- Bacteriological and Chemical  
The results of chemical analyses of 19 potential sites prior to pump 
installation are given in Table 10. For comparison, the limits established by 
the World Health Organization are also included )/ An examination of the bac-
teriological data (Table 11) shows that all sites were significantly contaminated 
with common intestinal bacteria prior to pump installation. Salmonella was 
initially reported at Los Laureles, and this point was rechecked and found to 
be negative. 
1/ International Standards for Drinking Water, Third Edition, published 
by the World Health Organization, Geneva, 1971. 
Table 10 
SUMMARY OF WATER CHEMICAL ANALYSES
(a) 
-- NICARAGUA 
(BEFORE PUMP INSTALLATION) 
Site 














1 La Garita 7.0 350 26 218 0.07 0.05 70.0 3.76 0.30 22.5 2.0 
2 Las Lajitas 7.5 200 190 225 0.02 0.40 50.0 4.43 0.35 5.0 2.0 
4 San Antonio 7.9 240 270 404 0.01 0.00 68.0 2.65 0.50 19.5 11.0 
6 Las Mangas 6.4 100 100 38 0.02 0.00 20.0 2.21 0.50 15.0 2.0 
7 Llano Grande 6.4 200 120 161 0.07 0.00 30.0 9.96 0.70 12.5 3.0 
8 San Diego 7.6 260 290 398 0.10 0.00 56.1 2.35 0.40 25.0 15.0 
9 Mechapa 7.7 325 30 330 0.06 0.00 80.0 13.10 0.40 12.5 8.0 
10 El Naranjo 6.9 400 420 426 0.05 0.00 100.1 3.54 0.70 15.0 3.0 




14 Los Calpules 
(Stream) 7.9 290 330 394 0.01 0.10 80.0 0.00 0.55 10.0 2.0 
I 
15 Los Calpules 
(School) 7.9 210 200 237 0.01 0.00 50.0 5.10 0.60 12.5 4.0 
17 Quebrada Arriba 7.5 180 280 360 0.10 0.28 44.1 1.76 0.20 15.0 8.3 
22 Los Rincones 8.1 70 445 608 0.01 0.00 20.0 16.60 0.25 20.0 20.0 
Los Rastrojos 7.6 840 260 1,600 0.27 0.58 292.0 0.66 1.62 20.0 67.5 
Santa Teresa 8.1 240 265 383 0.01 0.00 62.0 9.52 0.35 15.5 11.0 
Los Laureles 7.7 250 265 340 0.01 0.00 64.0 6.42 0.60 15.0 6.0 
Rio Grande 8.0 190 250 336 0.25 0.28 52.1 4.80 0.20 25.0 10.5 
Motolin 8.2 240 250 298 0.05 0.00 62.0 22.40 0.65 14.0 4.0 
WHO limits: 
Highest desirable 7.0-8.5 100 500 0.10 0.05 75.0 (b) (c) 200.0 200.0 
Maximum permissible 6.5-9.2 500 1,500 1.00 0.50 200.0 (b) (c) 600.0 400.0 
(a) All values mg/1 except pH. 
(b) Values above 45 mg/1 considered potentially harmful, especially to children. 
(c) Limit depends on daily air temperature. Upper limits range from 0.8 to 1.7 mg/1. 
Table 11 
SUMMARY OF BACTERIOLOGICAL ANALYSIS -- NICARAGUA 
(BEFORE PUMP INSTALLATION) 
Site Coliforms Salmonella Shigella 
No. Location per 100 ml Presence Presence Comments 
1 La Garita 2.4 Negative Negative Positive Enterobacter 
2 Las Lajitas 150.0 Negative Negative Positive Enterobacter 
3 La Lamilla 350.0 Negative Negative Positive Escherichia coli 
4 San Antonio 120.0 Negative Negative Positive Escherichia coli 
7 Llano Grande 430.0 Negative Negative Positive Enterobacter and Citrobacter 
9 Mechapa 1,100.0 Negative Negative Positive Proteus and Citrobacter 
10 El Naranjo 1,100.0 Negative Negative Positive Enterobacter 
11 Isidrillo 1,100.0 Negative Negative None 
13 El Rodeo 540.0 Negative Negative Positive Escherichia coli 
14 Los Calpules (stream) 23.0 Negative Negative Positive Escherichia coli 
15 Los Calpules (school) 920.0 Negative Negative None 
22 Los Rincones 54.0 Negative Negative Positive Pseudomonas 
Rio Abajo 
(Santa Teresa) 24.0 Negative Negative Positive Enterobacter 
*Rio Abajo 
(Los Laureles) 64.0 Positive Negative 
Positive Salmonella sp, Enterobacter, 
and Citrobacter 
*Rio Abajo 
(Los Laureles) 350.0 Negative Negative Positive Escherichia coli 
La Majadita 64.0 Negative Negative Positive Escherichia coli 
* This site (Los Laureles) was retested because of earlier findings of positive Salmonella. (Note: all tests performed in accor-
dance with Standard Methods for the Examination of Water and Waste Water, 13th Edition APHA, 1971.) 
Because of the high level of bacteria found in the water in Nicaragua, all 
sites will be analyzed further during this project to provide more insight 
into whether or not contamination is being sealed off from the water by the 
preparation of the wells and the installation of the pumps. The concrete 
structures of the sites in Nicaragua are exceptionally well made, and it will 
be surprising, indeed, if the quality of the water is not satisfactory. 

CONCLUSIONS AND RECOMMENDATIONS 
Monitoring of pump performance is in an advanced stage of the budgeted 
12-month period, and sufficient data are available for arriving at reliable 
conclusions. There are obvious indications at the present time that most 
definitely encourage further manufacture, installation, and use of the AID  
pump. The AID pump can be manufactured in a developing country at a competi-
tive, profitable price and at an acceptable level of quality if adequate 
facilities (foundries, pattern makers, machine shops and skilled machinists, 
raw materials, etc.) are available; however, the availability of adequate 
foundry facilities with acceptable pump prices and quality controls are 
matters that must be determined for each individual developing country. Public 
acceptance by rural villagers has been good, both from an aesthetic standpoint 
and from a standpoint of the pump being used easily by men, women, and chil-
dren. Further, the AID pump should have a positive impact in developing 
countries on the health of rural people, on employment generation, on a 
positive balance of trade, and on instilling national pride within the people 
when it is seen that these countries do have local capabilities for manufac-
turing a relatively complicated product rather than importing it. 
As indicated above, the AID pump (both the shallow-well and the deep-well 
version) is adaptable to local manufacture in developing countries if adequate 
facilities are available. While numerous manufacturing problems have been 
encountered in both Costa Rica and Nicaragua, the majority of these problems 
are problems that are to be expected when a product such as the AID pump is 
introduced into production for the first time. As subsequent orders are pro-
cessed through the manufacturer's plant and as personnel become more familiar 
with the pump itself, quality control should be refined to the point where the 
orders are considered to be normal production. The Battelle drawings includ-
ed in the Appendix of this report are adequate, with the following comments: 
1. While the working drawings are generally satisfactory, a prototype of 
the shallow-well and/or the deep-well version of the AID pump is 
advisable if a manufacturer has not produced the pump before. 
2. The epoxy-lined metal cylinder for the shallow-well pump slows down 
wear on leather cups but is less than desirable. The cylinder should 
be honed down smooth or have a PVC liner. 
3. The AID deep-well pump cylinder made of PVC is far superior to the 
cylinder of metal that is coated with epoxy. 
4. The AID deep-well modified cap for Costa Rica or for Nicaragua is 
acceptable. The Costa Rican cap is much simpler and cheaper to 
manufacture but will not hold up as long as the modified cap of 
Nicaragua. The modified cap being used in Nicaragua should also 
retard the wearing of cups because of its guided pump rod which the 
Costa Rican cap does not have. 
5. The use of hardened steel bearing inserts at pivot points is sound 
and should be encouraged. 
6. It is imperative that cups of good quality and size be used and 
that the tendency to make oversized cups be avoided. 
7. Any water system, including one using hand pumps, must include a 
field maintenance support system, for no pump can last indefinitely 
without maintenance. 
Comparative pumps used in this field test were originally chosen because 
they were expected to hold up well during the test period. The Dempster pump 
is an extremely fine pump and has performed remarkably well but is rather 
expensive. The Brazilian "Marumby" pumps are beginning to fail and have been 
disappointing in their durability. The IDRC pump has good points that 
represent a lower level of technology than that required of the AID pump and 
is an alternative to the AID pump, especially where foundry facilities are not 
available but local manufacturing is desirable. The Japanese "Lucky" pump 
has performed extremely well but is a complicated pump and will, undoubtedly, 
present maintenance problems as the components begin to wear. 
Lastly, this program of field testing the AID pump has presented many 
unforeseeable problems. However, the satisfaction of providing a means of 
safe, convenient water during this test period to rural villagers that hereto-
fore have been getting their water from grossly polluted sources or have been 
walking many miles per day for small amounts of water necessary for survival 
has made all of the problems seem insignificant. As a result, Georgia Tech and 
ICAITI project personnel are grateful to the Agency for International Develop-
ment for the opportunity to have participated in such a program. 
Appendix 1 
COSTA RICAN TEST SITES 
COSTA RICA 
Site No. 1, located at La Palma de Abangares (AID deep-well pump). 
Site No. 2, located at San Joaquin de Abangares (AID deep-well pump). 
COSTA RICA 
Site No. 3, located at IMAS, El Torito, Samara (AID shallow-well pump). 
Site No. 4, located at Hernandez de Santa Cruz (Lucky shallow-well pump). 
COSTA RICA 
Site No. 5, located at Curime de Nicoya (Dempster pump). 
Site No. 6, located at Pijije de Bagaces (Dempster pump). 
■ 
COSTA RICA 
Site No. 7, located at La Javilla de Canas (AID shallow-well pump). 
Site No. 8, located at Zent, Matina school (AID shallow-well pump). 
COSTA RICA 
Site No. 10, located at Bristol, Matina (AID shallow-well pump). 
Site No. 9, located at Corina, Matina (AID shallow-well pump). 
COSTA RICA 
Site No. 11, located at La Margarita, Bataan (Lucky pump). 
Site No. 12, located at Corazon de Jesus (Dempster pump). 
-65- 
COSTA RICA 
Site No. 13, located at Zent, Matina (Lucky pump). 
Site No. 14, located at San Miguel de Venado (Dempster pump). 
COSTA RICA 
Site No. 15, located at Sabalito de Venado (Dempster pump). 
Site No. 16, located at Pueblo Nuevo de Colorado (AID shallow-well pump). 
COSTA RICA 
Site No. 17, located at San Francisco de Santa Cruz (Lucky pump). 
Site No. 18, located at Terciopelo de Nicoya (AID deep-well pump). 
COSTA RICA 
Site No. 19, located at Caimitalito de Nicoya (AID deep-well pump). 
Site No. 20, located at Judas de Chomes (Dempster pump). 
COSTA RICA 
Site No. 21, located at Limonal de Abangares (Dempster pump). 
Site No. 22, located at Zent, Matina (AID shallow-well pump). 
COSTA RICA 
Site No. 23, located at Santa Marta de Matina (Lucky pump). 
Site No. 24, located at Tarcolesa de Orotina (Lucky pump). 
COSTA RICA 
Site No. 25, located at Mesetas Abajo (Lucky pump). 
Site No. 26, located at San Juan Grande (AID deep-well pump). 
COSTA RICA 
Site No. 27, located at Sabana Grande (AID deep-well pump). 




Site No. 29, located at La Lorena de Santa Cruz (Dempster pump). 
Site No. 30, located at Lajas de Canas (AID deep-well pump). 
COSTA RICA 
Site No. 31, located at Indiana Tres-Siquirres (AID shallow-well pump). 

Appendix 2 
NICARAGUAN TEST SITES 
NICARAGUA 
Nicaragua Site No. 1, located at La Garita (Dempster pump). 
Nicaragua Site No. 2, located at Las Lajitas (Marumby shallow-well pum). 
NICARAGUA 
Nicaragua Site No. 3, located at La Lamilla (Dempster pump). 
Nicaragua Site No. 4, located at San Antonio (Dempster pump). 
NICARAGUA 
Nicaragua Site No. 5, located at Las Mesas (Marumby shallow-well pump). 
Nicaragua Site No. 6, located at Las Mangas (AID deep-well pump). 
NICARAGUA 
Nicaragua Site No. 7, located at Llano Grande (IDRC pump). 
Nicaragua Site No. 8, located at San Diego (Marumby shallow-well pump). 
NICARAGUA 
Nicaragua Site No. 9, located at Mechapa (Dempster pump). 
Nicaragua Site No. 10, located at El Naranjo (AID shallow-well pump). 
NICARAGUA 
Nicaragua Site No. 11, located at Isidrillo (Dempster pump). 
Nicaragua Site No. 12, located at La Concepcion (AID shallow-well pump). 
r 
NICARAGUA 
Nicaragua Site No. 13, located at El Rodeo (Dempster pump). 




Nicaragua Site No. 15, located at Los Calpules school (Dempster pump). 
Nicaragua Site No. 16, located at Paso Hondo (Dempster pump). 
NICARAGUA 
Nicaragua Site No. 17, located at Quebrada Ariba (Marumby shallow-well 
pump). 
In order to better understand water consumption patterns of the 
users of test pumps, water meters have been installed at representative 
sites in both Nicaragua and Costa Rica. These water meters will accu-
rately record the amount of water, in gallons, that passes through the 
pumps during a given period of time and will provide data to complement 
user figures based on village population. Sites having water meters, 
in Nicaragua, are Las Lajitas (Site No. 2), San Antonio (Site No. 4), 
Santa Rosa (Site No. 23) and El Espinal (Sites No. 28 and 29). 
NICARAGUA 
Nicaragua Site No. 18, located at Las Lajas (AID shallow-well pump). 
Nicaragua Site No. 19, located at Los Hatillos community plaza (AID 
deep-well pump). 
NICARAGUA 
Nicaragua Site No. 20, located at Los Hatillos (AID deep-well pump). 
Nicaragua Site No. 21, located at Musuli (AID deep-well pump). 
NICARAGUA 
Nicaragua Site No. 22, located at Los Rincones (AID deep-well pump). 
Nicaragua Site No. 23, located at Santa Rosa (AID deep-well pump). 
NICARAGUA 
Nicaragua Site No. 24, located at El Jocote (AID deep-well pump). 
Nicaragua Site No. 25, located at Mechapa-La Concepcion (AID shallow- 
well pump). 
1 1.1f 
Nicaragua Site No. 27, located at Tomabu (AID shallow-well pump) . 
NICARAGUA 
Nicaragua Site No. 26, located at Licoroy (AID shallow-well pump). 
NICARAGUA 
Nicaragua Site No. 28, located at El Espinal (AID shallow-well pump). 
Nicaragua Site No. 29, located at El Espinal (AID shallow-well pump). 
NICARAGUA 




AID/BATTELLE PUMP WORKING DRAWINGS 






/72:fi,I,.415,AI(1001, ,,7::::F:: .„2„. I  ➢fre : r.lie:, 717 Td ofr 
..145 ''''' 	ri,.. x- 	 inr5:: 	,,,,,,,,, ..... 
lle:g1.15'
::17 	"....."..... C.4.10. 0^,PARTS ...' ::::1011: 




	,,,f '., -  ::: i:Jost re :CR,,,1111 :::/y7:5 	 .4' 4  — v/i,	0,.a,,:ii---1
. 
. / 	P1/71; fr 	;:::: 	',74: - _,1 
,,, ,VI 	2 
Ir ÷
5 5  ,.., :, 7:-../.7  










 A "11"" 104 	TYPE 
?-00I E 79986 
VsEw 	 A,SHOvi) NP Pun?  oA BASE 
ED 	CA  CAP 
GPLOPJ c' 
VIEW ShOwING VALVE  LlOUSI NO 














I - :•4 10. MAIM R.4 rx-weR 
—I V, 
. 
.402:4 IWO, 02A., 




rn f ' ;A' 7:717 
D PER  ,- 
r--- 
200, .0 PA, 2202 
"Ja,  A MA22-2 7707 2,4 	 4 ;Ages. 
2049 • &AK:, PAM , - 
02' 
• 2,40/20X.220  
A ROD 	1.,,,, ccr 	 
2004 1E1 R.2.22 
LA, A 	 7.-A  
0,, 0, einiRn 
isr 	 
ASS,EL, OF 	 4RL.E, 
	
-22.0 07.7 	 #97-
07 :7477 ff' 	eAzzernF, 
EACH 
C2P7/c)", A 
.5/e014A/C $99 TED 	CAA 
Nara : 
ALL 	 #27 210,4 	 ARE Tile 50144- 
AS <027-22 Ev .4532,701 A2042 
.7) 
0_ 




00 	 A P n 	 _, 1,44X2 	 2250 I c /AL 4 ,  
A2  
3 	3009 
No 	Pa-A.4;p 6ArrAig,Meaco44.41 
4 „, 
sr 
HANG YYMP AssfneLr  
PEE-0  WELL 771‘1-  
..•••••• ■•■ 





00 Sql,r_Laspuff4  
0/.77CW 
OPTAIA✓AL %.44#5, SA4A/Ai 
P44, 	 447'.  
DATE APPROVED LTR1 	 DESCRIPTION 








CODE 'DENT. NO. pIV. NO. 
79986 ‘4-4 
CAT. 1.4143 FORM D. 5.708 
REVISIONS 
•Ift, 45 6 GHAM. 
BOTH EN 05 
APPLICATION 




BATTELLE MEMORIAL INSTITUTE 
COLUMBUS LABORATORIES 
505 KING AVE.. COLUMBUS. OHIO 43201 
PLUNGER ROD  
DIV. DATE 
111.• 







MATERIAL • TREATMENT AMID. 
SCALE I "
= I
" I ACCT.G I 3a0-II SHEET I OF I 
TO MAKE FINAL ASSEMBLY 	AL 
'D. 












5 4 3 2 
FIND orcl 	PART NO. ON DWG. 
N O. 	 IDENTIFYING NO SIZE  
DESCRIPTION 	 SPECIFICATION 
2 	 1 3 






TAP DRIL 	" I %A- OP. 




KIOT ES:  
I. ALL DRAFT AWG.LES TO BE 0/1: TO 4' 
Z.ALL FILLETS RADII TO BE Ili: R.. 
th..1 LESS OTHERWISE SPECIFIED 
DO NOT SCALE DRAWING SIGNATURE 
D RAWS eV 	
DIV. DATE 	*Bae* 
	
extemazz  	ESS t-8-15 	Corns IMieria, 
1.4.0. 	 TITLE 
JOE • — 
ANGLES. 	 0•111iN ANO. 
AL • TPE•TMENT 
GAST ROSS 
/ 1.10■ CCT AP/O. 
SOCC11•1... •••0- 
APPLICATION 505 King Avow* 
Columbus. Ohio 43201 
Telophona 10141290-3151 THIS alit.I.ILWIED ON 
DRAWING NO, ,grtz,  
ROD END  2001 	I I I A 
2002 I I I 
SIZE CODE (DENT. NO DIV. NO Os. rap 	 NEV. 
TO MAKE FINAL ASS MS 
B 79986 4++ 2004 
SCALE 	I " I ACCT. G 1320—II 	I OF I 
D 
C 
DATE I APPROVED  
NA. DIA . TH RU 
a HOLES 
4 
%e, DIA . (REF.) 
344, 
,k4, X45' CHAM 






DATE i APPROVED - 
•	 
ILT1 	 
THIS ITEM IS USED ON 
ASSEMBLIES 
APPLICATION 
■ 	 00 I I • 
PER NI 
TOTAL ASSY  
2. 
I a  
I 
3 
NOT SCALE DRAWING 
DIM Nr2TrIPM11  ANC S A . # y.sz. 
xx 	-Lux = — 
.xxx = — ANGLES .± 1,4! 






BATTELLE MEMORIAL INSTITUTE 
COLUMBUS LABORATORIES 
505 KING AVE., COLUMBUS. OHIO 43201 
HANDLE PIVOT PIN  
SIZE CODE WENT. NO. DIY. NO. DWG. NO. 	 REV. 
DRAWING NO. 
Z.002. 
ZOO I "A" 






ircer TO MAKE FINAL ASSEMBLY 	AL 
ECI'D. SPECIAL APPO. 
CAT. M4163 FORM 0-6 8-70. 4 
	 A 79986 6:44 2.005  
SCALE I "= I ACCT. G15LC7- 11 SHEET I OF I 
11111Visoons 
WNW./ PTIM ...•••••■• 
IVOTEr 
1 "72t DeAsr Axstrs 7 SE 
A. ALL RADII i f,hhirs 7, SD i1/11,E.55 Or#A-fv,se - SpEe,ri,-D 
130 NOT MYYICAnom 










-4•3 	   
	
EVMP CRP 	 - — 
SileqL L OW WELL PUMP 
g. 
1..•oir DK TYPE  
int taw •rw.,a ma ma 
D 799861.44' ZOOG, 
132.0-1 	I OF 
6 S 4 3 
D 
8 
WON, wen ma ma fa BM NM t 
79986 G. 44 a 00 7 
/./ 	G 63 -I 1.. I OF  





21.0•101,1011 • ESC•IITIO• 1001111.11•41 	 Rs  
1•••71•2.011 







DOLT ON CAP TYPE 
ply PAT. 
r 





"MIS M. • mu 
am•e•Me•AMS 
/1/0 
/. AL[ DRAFT ANalf..5 7o Br 





C T T 




TO r DA. ON RANDLE / 
13 	 / 







I. ORA, ANGLES TO BE Itt TO 
L.ALL. FILLETS t RADII TO SE 4. R. UNLESS 	 EPROM.. 
SECTION A—A  
1ST 
STAIRT SLE1.10 
-no MOUND SECTION C  ACTION 
13 —u 
L 	 I 
HANDLE  
E 79986 	E005 








SIZE  DESCRIPTION 
REVISIONS 










PI-U NIG Eft LLOW ER. FO 
SINGLE CLIP  











THIS ITEM IS USED ON 
ASSEM•LIES 
ColumAn labwMoo. 
DO NOT SCALE DRAWING 
Mii:4117111, 
SIGNATURE DIV. DATE al 
GS, 1-5-1  
505 King Avsnue 
Columbus. OhA 43201 








TO MANE IIMAL ASS..... 
4 	I 	t 	3 
THREE I NCH PLUNGER A 











CODE (DENT. NO. DIV. NO 
79986 (.44 
2 	
5, 01-61"=1" (AC CT G132.0-11.n..T1 OF I 
1 
B 3 2 
D 
=a. ArimOVSA Di•CRIATIO 
PUMP STANG. O 














DO Nor SCALE DRAw NG 
I7U MP STAND A55Y-_ 
DIV SIGNATURE 
	
D 79986 444 	--Z01137 
G 	 *sr I OF 
2 
D 
oust ikvak LW 
5E, 40ard=0 
LIME DZ.-, 





00 MOT WA. ORM  
mum aniznn= won. 
=rev:12e 
0 I 	..ct • 
J.g 
heaTr.. 
DEWY korers"ra Be- 4'ra 
lf,4'.74 4 Fhie-rs ro 	z's! Orme,vps, 
A 
7-'111.11: _aAP 





4. 8 6 $ 4 
errs g 7 
I 	3 	 2  
EV l• I ON[ 
1.0cINPTI OA 
17: 1- 
DO NOT SCALE DRAWING SIONATLIN. DIV 




ALL DRAFT AN6JES To BE ,IT°42. 
7. ALL DAD,/ & FiatErs 7o BE a ✓04555 OrREINA/sr Srevrazz, . 
5 
   5055 AEON 
3 
PUMP BODY 
PIN ON CAP • T YPE  
tan dINE NA My. la MAIM 
79986 6.44 	Z012 • 
r- 1 G Ism r 	of .2.,  
Z.001 
2002 
  D 
2 






O0 DIV. NO. DWG. ND. 
2.0)3 (,4-4 
REVISIONS 
DESCRIPTION DATE APPROVED 
C-1 M. 
BOTH ENDS   'No4 DIA . TH RU 
2. HOLES 
DI A . (REF. 




.XXX ANGLES .* 1/21. 






BATTELLE MEMORIAL INSTITUTE 
COLUMBUS LABORATORIES 
505 KING AVE.. COLUMBUIL OHIO 43201 
TITLE 
ROD PIVOT PIN 
REV. 
SCALE " I" I ACCT. G 1 320-d SHEET  I OF I 
APPLICATION DIV. DATE 
TO MAKE FINAL ASSEMBLY 	AL 
WV. 
2_001 "I3" 






MUNCIAL  ^FPO. 
SIZE 
A 
THIS ITEM IS USED ON 
SUSASSEMOLIES 
CODE IDINT. NO. 
79986 
CAT. MIME/ FORM MS 5-71N 




DATE I APPROVED 
 
   
FOR 3" CYLINDERS 







PIPE MAY BE MADE OF EITHER O F THE FOLLOWING MATERIALS RnI2 CYLINDERS. 
OPTION - ST0. P.V.C. 1120 PLASTIC PI PE (SCH. 40) 	
Lh.= 
e'OPTION- STD. BLACK STEEL PIPE (SCH. 40 ) COATED WITH .004 	THICKNESS OF 
SYNTH ETAS i E zoo(s-ror,IER-muDGE) OR EQ Ul VA LENT, ON ENTIRE SURFACE 
OPTION - STD. BLACK STEEL PI PE ( SCH. 40 ) COATED WITH 2 COATS OF SOVAPON 
HI-BUILD EPOKY (MOBILE CHEMICAL co.) OR EQUIVALENT OVER PRIMER 
4 PVC PIPE NOT TO BE USED IN SHALLOW WELL PUMP ASS.V. 
B 
DESCRIPTION 	 SPECIFICATION 	NOTE 
NO Fir °TY' 1 IDEWTTETTioORNo. 1 D'S.11- 
PARTS LIST 
A A 
APPLICATION DO NOT SCALE DRAWING SIGNATURE DIV. DATE 10. Amu. OBanege 	 Columbut Obio 4=1 
T4Mobone 0141 2119.3151 
THIS ITEM IS MED ON UNLESS OTHERWISE SPECWIED 
DISIENEIOHE ARE IN INCS1E. 
TOLERANCES ARE: Pa. 
N .301% 	 NA. 
DRIDWET 
4s9 - I 4 -74. 
"Elm: 








OZ. I I 








I DM IC 
ao 10 MAKE FINAL AmONWLT -TOTAL PPM mons. Asink 
wscun. ASPS. 
run I" =I" kocr. G 1 3 0-1 	ISXCRTI  OF 	I 
2 
2 4 5 3 
DATE 
REVISIONS 
1'31 I LTM I 	





5 I - 45'10 NC-2B Hex /JUT BRASS 
9- I 'W 10 PLAIIJ FLAT WASHER BRASS 
3 I — '4'10-24 WC-ZA 	LOW& ED. HD SCR. BRASS 
I ZO Z.2. A c•HECA VALVE WEIGHT 
I I 2.0 a I B VALVE FLAPPER 
FIND or, PART ND. OR DWG NOTE 




APPLICATION DO NOT SCALE DRAWING SIGNATURE DIV. DATE 505 King Avenue 0 Bane* 	Columetra, Ohio 43201 
ahowor. 	 Telephone 10141 399.3151 THISAattatITED ON 
matlympagiff  
ASSE • 
JOU• 	 AMASS& 
■NN 
Dom Wet SC 
OM,  M5•1 I - 9-75 
DRAWING NO. al. raj, 
130•11•7111.1 AFFD. TITLE 
CHECK VALVE ASSV 
ZOO I 
2.002. I I I IA 
SIZE 
B 






REV. r= PRO ■IECT TO MAKE FINAL ASS MMMMM 
wnecIAL W•1•0. 
I 	 I OF I 
MINIM 7.7, 5 4 3 2 	 I 	 1 
PEEN OVER AT ASST. 
D 
PIRESSFIT WITH PART NO 2024 — 
t-:=3 
1.7500 CIA. 







4 3 2 
REVISIONS 
DESCRIPTION OATS I APPROVES 
 
I 2024 A BRAES VALVE SEAT 
C 2025 CYLINDER END CAP 
FIND OTT. FART NO. OR 
IDENTIFYING NO. SIZE 
DESCRIPTION SPECIFICATION NOTE 
PARTS LIST 
DIV. DATE SIGNATURE DO NOT SCALE DRAWING APPLICATION 




606 ON, AN.. 
°Ana. Olio WW1 
TANPam16141 21)&3151 sES I - 14 -15 
ONAIRM•mws. 
INN 





UNLESS OTHERWISE SPECIFIED 
SIMMONS ARE in NICHES. 
TOLERANCE; ARE: 
AN. 	 I SCES. 
MELO• 
ENGEM. AND TREATMENT 
C 79986 
TITLE 
LOW ER VALVE HOUSING  
ASSY.  
ro xpacm FINAL IMIIMO.V Moms, Arm. 
srEnAL 'JOS. 
CODE IMRE NO DIY. NO MR IC 
CO I (.0 
I° IAOGT G 13 0-1 	IEIRET I OF 
4 2 
4 3 	I 	 2 
INONaTE SIZE SPECIFICATION DESCRIPTION I PART ND. OR IDENTIFYING  . NO 
DATE SIGNATURE IDIV. 
SIZE CODE (DENT. NO. DRS NM 01V NO. 
DA. 
aka DIA. MAK. 
REVISIONS 




7r4- 14 u 1.1c. -rH U 
a-12 U1J THD. 
THIS SURFACE TO BE FREE 




I. ALL DRAFT ANGLES TO BE 1i4: TO 4" 
Z. ALL FILLETS 4 RADII TO BE )1; R. UN LESS 
OTHERWISE SPECIFIED 1 N  PARTS LIST 
APPLICATION 
THIS ITEM IS USED ON 
SU•ASSIIII•LICS  
DRAWING NO. 1.1..= 
?(Ian  
L809 







SOS king Aroma 
Cohunbuk Ohio 43201 
Telephone 16141 299.3161 CNNWHIMmal 
A 
REV 
B 79986 4.44 C017 
SCALE = 1 "  'AC.' G 1320-1i . 	I OF I 
CAST I ROA,I 
SISLISECT ANSI 
Tot., 
won. TO MAKE FINAL ASSENISL 
TITLE 
PLUNGER CAGE  
DIV. 
455  
BATTELLE MEMORIAL INSTITUTE 
COLUMBUS LABORATORIES 
505 KING AVE., COLUMBUS, OHIO 43201 
TITLE 







REV. SIZE CODE IDENT. NO. IDIV.NO 
A 79986 X44 DWG. "2. 8 PROJECT APPO. 
SPECIAL AHD. r-- TO MAKE FINAL ASSEMSLT 	ALMOM. 
SCALE I zr. I ACCT.6 132.074 SHEET IOF 
APPLICATION DO NOT SCALE DRAWING 
THIS ITEM IS USED ON 
SUMASSEM•LIES 
2_050 	I 
ZOOS I I I 
XX - JULIO( = - 
.XXX - ANGLES m* 
IAL a TREATMENT 
CAST I 12.0 ► .I 
DRAWING NO. PER NO.OP ASSY ASSYlk ..--. 
NOTES: 
ALL DRAFT Ak1GLES TO BE IVITO4 LTRI  
LALL FILLETS t ZAIDI I TO ESE 81"12. 
LikiLEs5 OTHERWISE SPECIFIED 
REVISIONS 
 




CAT. 214147 FORM MS •IM 
REVISIONS 
DATE APPROVED DESCRIPTION 
Z" DIA. 
APPLICATION 





TOT TO MAKE FINAL ASSEMBLY 	AL 
REGTD 
CAT. MISS FORM D-S 5.708 
SIGNATURE 






SP COAL APPO. 
4 
BATTELLE MEMORIAL INSTITUTE 
COLUMBUS LABORATORIES 
505 KING AVE., COLUMBUS, OHIO 43201 
TITLE 
THREE I NCH CUP  
SIZE CODE (DENT. NO. DIV. NO. D. NO. 	 REV. 
A 79986 c 	2.015 







DO NOT SCALE DRAWING 
eil tSrffinWir. 37_ 
BOCX - ANGLES 	• 
MATERIAL & TREATMENT 
L_EATI-4ER. 
/ 	3 	I 2 4 5 
•REVISIONS 
ZOIE 
I LTR I 	
DESCRIPTION DATE I APPROVED 
WIDE X.. h. DP. 
THD- 2E.LI EF 
UK.1 THD. D D 




kx4 ° CRAM. - - 
B B 
SPECIFICATION 
505 King Avenue 
Coturnbo.. Ohio 43201 
Telephone (014/ 2138.3151 
MOTES : 
I. ALL DRAFT A►.IGLES TO BE I I TO 4. 
CALL FILLETS 17.AD I I TO BE 11‘," R. UNLESS 




PART NO OR 	 DESCRIPTION 
IDENTIFYING NO. 	SIZE  
PARTS LIST 




URE DIV. DATE 
av 	 °Bld* 
zaar..u"D  ON Etraria MIT 	 
IMP APPLI 
~ 459 I — 8-15  TITLE folumAAtAAAtories 
DRAWING NO. rj.l.=: 
9 a00 	I I I 	 1:11B.GN /WM. A A PLUNGER FOLLOWER 
SINGLE CUP 
SIZE CODE MEWL NO. DM 	 D.W .PEI. 	 REV. 
MATERIAL • 	  
CAST I It01■J 
PROJIECT •IPI2 B 79986 644 ZOZO 
SCALE V1 = I II I A«T 61320-11"E" I OF I 
TO MAKE FINAL ASSCIA•LT TOTAL AWED. 5•{ClIAL 
4 :we; 5 2 	I 	1 3 
7 
R 8 - 
DIA.THRU 
Z HOLES 
I 	t 4 3 	 2 	 1 
I FIND' aril 	PART NO OR 	I DWG.I 
NO 	 IDENTIFYING NO Rif  
PARTS LIST 
CO NOT SCALE DRAWING SIGNATURE OV. DATE 
01.111,1 	 0 Miele 
FAINEVErir 	 ASS ,I — A— TS 	 Lextslone. 
SZ OAw 1,11.1. AMC 	 TITLE 
INE•161,4 •••17. 
VALVE FLAPPER  
SIZE CODE (DENT. NO. DIV. NO OWO. 11D 	 REV. 
0..10.CT 
TO MAKE FINAL ASSE114. V 
▪ I"_ I
" 	G 13W- 1t 	I OF I 
DESCRIPTION 	 SPECIFICATION 
;d111;Itakir" ON 
APPLICATION 505 King Avenue 
C010.1111b0" Ohio 43201 
Telephone 1511118&3151 
DRAWING No  
LO I 5 	1 1 I 
X% 	 .514101 • 
.xxx,L 
I. • 	  
LEATH EX 
A11.0. 




















DWG.. NO. oza 
CAT. 24145 FORM D-5 5-70. 
APPLICATION DO NOT SCALE DRAWING SIGNATURE DATE  DIV. BATTELLE MEMORIAL INSTITUTE 
COLUMBUS LABORATORIES 
505 KING AVE.. COLUMBUS. OHIO 43201 
THIS ITEM IS USED ON 
SUBASSEMBLIES 
D RAWN BY 




DRAWING NO. TOTAL 
2_015 D ESIGN APPO. 
MATERIAL & TREATMENT APPD. 
DATE I APPROVED _ 
-.: 
I 	LTR1 DESCRIPTION 
REVISIONS 
SCALE I" = I" I Accr6 I32.0-1 I SHEET I OF 
CAST I RON 
REV. 
PROJECT APPO- 
TO MAKE FINAL ASSEMBLY TOTAL 





35yz DIA. TH 121-1 
adthrttareto 
XX = 	.XXXX = 
.XXX = — ANGLES = 
TITLE 
CHECK VALVE WEIGHT 





Az DIA_ TOED 
8 HOLES EQUALLY SPACED 
NOTES'  
ALL DRAFT ANGLES 117 BE Iii TO F 
&ALL FILLETS 4 RADII TO BE 4" R. UNLESS OTHERWISE SPECIFIED 
(.MOUNTI NG HOLE. SIYOO.1 HERE ARE FOR V BOLTS, 
FLIT FLANGE IS WIDE ENOUGH FOE SLCEOL-TS c.SLASHERS 
A 
D ITITCROTIO EscansEis 
OM IMO o. NV MIL oft MI 













1.751 (0— DIA- 




 VALVE SEAT 
TITLE 
APPLICATION 
THIS ITEM is USED ON 
susAssgmotois 
DRAWING NO. ASA' Na ~ 1 
a, IG 	 I  













DATE BATTELLE MEMORIAL INSTITUTE 
COLUMBUS LABORATORIES 
505 KING AVE.. COLUMBUS. OHIO 43201 
DIV. 
OPIAFTING APPO. 
D EMON ^/M. 
.RX *. DI .XJ0CX 	• 
.XXX = - ANIMAS * 3,4 4: 1 
*MINI 
APPO. MATERIAL & TREATMENT 
BRASS REV. SIZE CODE 'DENT. NO. piv.plo 
	 A 	I 79986 	"TO a4 
SCALE 	I " I ACCT. G 13  Z.CH1 SHEET I OF I  
PRONICT APPO. 
GOECIAL A PO°. 





DESCRIPTION DATE I APPROVED 
 
—1 4̂ - I I Yr_ NPT 





Z. DIA. """n4  
Lql 
LSO INA 
PI■ 17 I I 	




/3"- 8 NPT 
3% 
I No on . 1 Nun. NO._OR DWG. "L FYING NO. SIZE  
B 
SPECIFICATION =E DESCRIPTION 
PARTS LIST 
A A 
APPLICATION DO NOT SCALE DRAWING 
UNLESS OTHERWISE SPEC PIED 
DIMENSIONS ARE IN INCHES. 
To AAAAA C. A. 0 
NOTES: 
I. ALL DRAFT ANGLES TO BE I W. TO 4' 
Z ALL FILLETS t RAD 11 TO BE .k" R. UN LESS 
OTHERWISE SPECIFIED THIS ITEM IS USED ON SURAINEMSLIES 
HOOP ORANINS MO Am  
2 0 ICA 	i 	I  JOINA 	 MMUS. m Pe 
Z.00Z, I I 
2_00 c" I 	I 	
MATERIAL AND TIMATIMNT 
CAST IRON 








CYLINDER END CAP 
1011140100/Ta. 
C 
II  IDMIL NO c 
79986 
NO. 	 IRMA NM 
4.44 	2-0 ?_5 
aL yew. 
NOM. 
jAcc-r.G 13 	-I 	law. I OF I 





ZONEILTRI 	 DESCRIPTION 
4 3 	I 	 2 
4 
NOTES: 
I. ALL DRAFT At.IGLES TO BE Ii TO 4 
a ALL FILLETS RADII TO BE Vs" R. 
UNLESS OTHERWISE SPECIFIED 
FI ND DWG. 
UZI  
DESCRIPTION SPECIFICATION 
PART NO. OR 
IDENTIFYING No 
PARTS LIST 
APPLICATION SIGNATURE DIV 00 NOT SCALE DRAMING DATE 505 KIRI AEA.. 
ColumbuL One 43201 
Telophons 11110 720.3155 
•T 
I- •-15 .••••••• MRS OISAITJZZY:"*" 
DRAWING NO . TITLE A
••• 
SS, JOKE • 
ANGLE. — 
E 	 I A L • 	  
CAST 1001.1 
1 Z  eta's,. Av.,. Z002. 
SLIDING 131..PCK  




B 79986 (.44 ZOZG3 
I V. NO. DING. NO 
TO MADE FINAL AS EE 451114. SORG 








	LWY M' LW' ORAL 
T 
4 no. 
NP so-r. dare 
4 It 
• RRIEATEM 





A1.1 D,T'AFT A,V1E'.5 To 131- 
4 , At ifir0,/ A. ,,r/al.KTS To AC 	 rss 





DEEP WELL PLIMP  
79986 a4 
I OF 



























441 DA/-7 44s175 70 	 4 
5. A/t NA00 & f7<aris 70 Be 	7/.."/ 055 
7/4, 0,5, 








• eAP 	 
=ME DEEP_ ?YELL PIMPI 
1.01.10..710H 
11.1.11 TY If 11037 












Colunto. Labo ,Marks 
TOTAL NOM ANSE 
WIZ 0313E IDENT. ICI ENV. Ma DMZ. N12. 
C 79986 6.44 	2_0Z9 
4 3 2 






/, ALL DRAFT ANEL ES 7-0 23 4-7,, 4' 













DO NOT SCALE DRAWING SIGNATURE DIV. DATE 
""""a. 	404. %5,174 
MAMMAL AxD TIMATIMMT 
CA37 /ROA'  
SOS Kim Ammo 
Columlan, MA 43201 
Tololvm NMI 25II3151 
TITLE 
HANDLE FULCRUM- 
DEEP WELL PUMP 
UNLESS OTHERWISE SPECIFIED 
DIMENSIONS ARE IN torne• 
TOLERANCES ARE: 4s. 
A 
To MARE FINAL A■NELV TOTAL 
MEN 
=nu I =./ I Accr 6,..t998 - ea:), I mows I OF 
4 2 
1 4 5 















FIND QT., 	PART NO. 	OR 	DWG. 
IDENTIFYING NO. SIZE  
B PLUNGER CAGE 
B PLUNGED FOLLOW ER 
DESCRIPTION 	 SPECIFICATION 
I 2_03a 	A PLUNGER SPACER  
4 I 2_0 1 8 A PLUiJGER POPPET 





505 Kin. Avenue 
Columbus. 01110 43201 
Telegion• 16141 299.3151 
'" 1 1111,14!..1.""" 
PARTS LIST 
DIV. DATE 
CoSS)-10-14 	 GolumbmIalma.•••, 




I. DOUBLE CUP PLUNGER TO BE USED 
WHEN WATER LEVEL IS MORE THAN 
50 FT, BELOW SURFACE 
71-1 KEE 1 NCH PLIALGEIR. 
DOUBT F CUP  
SIZE CODE (DENT. NO- 'DIV. NO ONO. NO 	 REV. 
B 79986 (,,44 a 3 0  
kW" I OF I 
TOTAL 




AL ■ TREATMENT 
RR. 	 .XXXX • 
..LX 	 ANGLES. DESIGN •MMI. 
DRAWING NO. :::,.:AfTSEM 
2002 	I I I 
TO MAKE rim, ASSEMBLY 
1 5 4 1 2 3 
DESCRIPTION DAIS I APPROVED 
C 
NOTES: 
I. ALL DRAFT ANGLES TO BE 0•: TO 
2.ALL FILLETS 4 12.4,011 TO BE ii4 R. UNLESS 
OTHERWISE SPECI FIED 
..4$2,WIDEX..!‘ DP 
TH D. RELIEF 
2_1 DIA. 
BS PIPE 









APPLICATION 	 DO NOT SCALE DRAWING SIGNATURE 
THIS ITEM IS USED ON
zwar DRAWN Mr 
SUSASSEMSLICS 	MiTc47:4Coig 	 ioom• 
146 Aims. 
DRAWING NO. 	 T:y=1mm 	 wxYr 
DESCRIPTION 	 SPECIFICATION 
PARTS LIST  
DIV. DATE 	0Bau47G 	SOS King Awn.* Colombo., Ohio 43201 
Tvephona (4141 299.3151 
OES I — 11. --711 
TITLE 
FIN01,,, 	PART NO. OR 	DWG. 
NO. 	 IDENTIFYING NO. W  
2030 I I I 
TO MAKE FINAL ASS 
MOTION M.o. 
	 I AL • 	  
CAST !ROW 
SPECIAL •00. 
3 voz...tv%.,. 5 4 
PLUNGER FOLLOWER  
SCAL E r= 1 " IA. 	)320-11 
	 B 	79986 C044 Z031 ISIZE CODE (DENT. NO. 1311/.140. EMIL NO. 	 REV. 
10FI 
2 	 1 
NOTES: 
I . ALL DRAFT ANGLES TO BE 1 1/2: TO 44 LTR1 
Z_ALL FILLETS f RADII TO BE )•e: 
umLess OTHERWISE SPECIFIED 
REVISIONS 







`DO NOT SCALE DRAWING 
S•S'S. 
DIV. APPLICATION 
THIS ITEM IS USED ON 
SUSASSEMSLIES 
DRAWING NO. 	AP:sli me. TOTAL  
21030 I I I  






.XX A - .30X0 •- 
.XXX - ANGLES 
MATERIAL & TREATMENT 
CAST 1 RO I4  
PROJECT APPO. 
SPECIAL APPD. 
BATTELLE MEMORIAL INSTITUTE 
•••■■ 
	 COLUMBUS LABORATORIES 
I- 1-111 
	
505 KING AVE.. COLUMBUS, OHIO 43201 
TITLE 
PLUNGER SPACER  
SIZE 
A 







CODE (DENT. NO. r IV.N0 
79986 (.44 1)".14L 
REV. 
CAT. 20110.1 FORM 0-1111-70. 4 
Project A-1894 
FINAL REPORT ON THE UTILIZATION/ 
EVALUATION OF AN AID HAND-OPERATED 
WATER PUMP 
Prepared for 
The U.S. Agency for International Development 
under Contract No. AID/ta-C-1354 
by 
Phillip W. Potts, Project Director 
Senior Research Scientist 
Engineering Experiment Station 
Georgia Institute of Technology 
Atlanta, Georgia 
Kermit C. Moh 
Assistant Research Engineer 
Engineering Experiment Station 
Georgia Institute of Technology 
Atlanta, Georgia 
Justin H. Whipple 
Assistant Division Head 
Technical Services Division 
Central American Research Institute 
for Industry 
Guatemala City, Guatemala 
Thomas F. Craft, Ph.D. 
Senior Research Scientist 
Engineering Experiment Station 
Georgia Institute of Technology 
Atlanta, Georgia 
Office of International Programs 
Engineering Experiment Station 
GEORGIA INSTITUTE'OF TECHNOLOGY 
Atlanta, Georgia 
January 1979 














Field Test Sites 11 
Manufacture of AID Pumps 11 
Manufacturing Costs 11 
Manufacturing Specifications 16 
Comparative Pumps 19 
Monitoring System 21 
Pump Performance 21 
Water Quality -- Bacteriological and Chemical 32 
Future Potential for AID Pump in Costa Rica 35 
NICARAGUA 37 
Background 37 
Field Test Sites 38 
Manufacture of AID Pumps 38 
Manufacturing Costs 38 
Manufacturing Specifications 44 
Comparative Pumps 44 
Monitoring System 55 
Pump Performance .55 
Water Quality -- Bacteriological and Chemical 62 
INSTALLATION OF AID PUMPS 67 
CONCLUSIONS AND RECOMMENDATIONS 71 
Pump Performance -- Costa Rica 71 
Pump Performance -- Nicaragua 72 
Table of Contents (continued) 
Page  
Recommendations for Future Use of the AID Pump 	 73 
Economies of the AID Pump 	 75 
Comparative Pumps 	 75 
General Observations 76 
Final Evaluation 	 77 
Tables  
1. Selected Sites for AID Pump Field Tests in Costa Rica 	 12 
2. Field Test Pump Maintenance - Costa Rica 	 27 
3. Force Exerted on Field-Test Pumps (Costa Rica) as a 
Function of Well Depth 	 30 
4. Summary of Bacteriological Analysis, Costa Rica 
(Before Pump Installation) 	 33 
5. Summary of Bacteriological Analysis, Costa Rica 
(After Pump Installation) 	 34 
6. Summary of Chemical Analyses of Waters -- Costa Rica 	 36 
7. Selected Sites for AID Pump Field Tests in Nicaragua 39 
8. Field Test Pump Maintenance - Nicaragua 	 57 
9. Force Exerted on Field-Test Pumps (Nicaragua) as a 
Function of Well Depth 	 63 
10. Summary of'Water Chemical Analyses -- Nicaragua 
(Before Pump Installation) 	 64 
11. Summary of Bacteriological Analysis -- Nicaragua 
(Before Pump Installation) 	 65 
Maps  
1. Costa Rican Test Site Areas 	 13 
2. Nicaraguan Test Site Areas 40 
3. Nicaraguan Test Site Areas 	 41 
Figures  
1. Organizational Structure of the Engineering Experiment 
Station at Georgia Tech 	 2 
2. Cost by Quantity to Produce AID Pumps in Costa Rica 	 15 
3. Modified Deep-Well Pump Cap in Costa Rica 	 17 
Table of Contents (continued) 
Page  
4. Fulcrum Handle for Modified Deep-Well Pump Cap in 
Costa Rica 	 18 
5. Dempster Pump 	 20 
6. Kawamoto Daiichi "Lucky" Pump 	 22 
7. Cost by Quantity to Produce AID Pumps in Nicaragua 	 43 
8. The IDRC Pump 	 45 
9. Marumby (Brazilian) Pump 	 46 
10. The Moyno Pump 	 48 
11. Modified Deep-Well Pump Cap in Nicaragua 	 59 
12. Fulcrum Handle for Modified Deep-Well Pump Cap in 
Nicaragua 	 60 
13. Well Slab for Hand Dug Wells 	 69 
Forms 
1. Bimonthly Inspection Report of Water Pumps 	 24 
Appendices  
1. Costa Rican Test Sites 	 79 
2. Nicaraguan Test Sites 	 97 
3. AID/Battelle Pump Working Drawings 	 115 
Acknowledgments 
This program of field testing the AID/Battelle hand-operated water pump 
would never have come into being without the help of many individuals who have 
supplied large quantities of factual information and have given freely of 
their time, permitting project personnel to profit from their seasoned judgment. 
This program did not contractually require active participation by local 
Agency for International Development Missions in Costa Rica and Nicaragua, but 
assistance was given abundantly in the form of personnel, vehicles, coordina-
tion of program activities, interest and insight into local conditions within 
each country. Personnel of the Ministries of Health in each country have 
contributed significantly with their own resources of vehicles, tools, and 
employees possessing noteworthy technical skills, dedication, and professionalism. 
While it is impossible to list all individuals who have rendered assis-
tance to the program, the authors of this report would like to acknowledge the 
following, with a special note of appreciation to Mr. Rene Uriza and Mr. Josg 
atiniga in Nicaragua and Mr. Heriberto Rodriguez and Mr. Roberto Contreras in 
Costa Rica. 
Dr. Carmelo Calvosa, M.D., present Minister of Health in Costa Rica 
Dr. Herman Weinstok, M.D., previous Minister of Health in Costa Rica 
Dr. Edmundo J. Bernheim, M.D., present Minister of Health in Nicaragua 
Min. Adan Cajina Rios, previous Minister of Health in Nicaragua 
Mr. Stephen E. Knaebel, present Mission Director, USAID/Costa Rica 
Mr. Joseph J. Sconce, previous Mission Director, USAID/Costa Rica 
Mr. Arthur W. Mudge, Mission Director, USAID/Nicaragua 
Dr. James E. Sarre, M.D., previous Chief Public Health Advisor, USAID/ 
Nicaragua 
Mr. Heriberto Rodriguez, General Engineer, USAID/Costa Rica 
Mr. Rene Uriza, Assistant I (Public Health), USAID/Nicaragua 
Dr. Guillermo Contreras, M.D., present Director of the Department of 
Rural Health, Ministry of Health in Costa Rica 
Dr. Carlos Eduardo Valerin, M.D., previous Director of the Department of 
Rural Health, Ministry of Health in Costa Rica 
Mr. Jose Maria Viniga, Director of PLANSAR, Ministry of Health in 
Nicaragua 
Mr. Roger Madriz, President of Mecanizados Mofama, the AID pump 
manufacturer in Costa Rica 
Mr. Leonel Garcia Lara, consultant to Cometales, the AID pump 
manufacturer in Nicaragua 
Mr. Jairo Triano Harker, President of Cometales, the AID pump manufacturer 
in Nicaragua 
Mr. Edison Rivera, Director of Environmental Health, Ministry of Health 
in Costa Rica 
Mr. Guillermo Esquibel, Engineering and Architecture Department, Ministry 
of Health in Costa Rica 
Mr. Roberto Contreras, Supervisor of Pump Programs, Ministry of Health 
in Costa Rica 
Mr. W. K. (Tim) Journey, International Development Research Centre, 
Ottawa, Canada 
Mr. Robert D. Fannon, Jr., of Battelle's Columbus Laboratories, also has 
been very helpful in supplying working drawings of the AID/Battelle pump and 
background information on the history of the pump. 
The field testing program, it should be noted, has presented many unfore-
seeable problems. A severe drought occurred in both Costa Rica and Nicaragua 
in March, April, and May of 1977 that necessitated deepening many wells or 
switching to other sites before pumps could be installed. The same drought 
restricted the supply of hydroelectric power in Nicaragua to the point where 
the manufacturer was allowed only four hours per day of electricity to run his 
plant (and manufacture pumps). Further, civil disorder in Nicaragua during 
both the early months and the last months of 1978 somewhat restricted project 
personnel in that country from maintaining and monitoring the test pumps. 
Despite these delays"the project remained basically on schedule. The required 
12-month test-pump monitoring period in Nicaragua was completed prior to the 
civil disorders that are still continuing at the time of this writing, and the 
long-range effects of the disorders on the operational performance of the 
pumps are unknown. 
Despite the many problems encountered during the life of the project, 
there have been many instances of overwhelming satisfaction. For example, at 
La Lamilla, Nicaragua, where a U.S.-manufactured Dempster pump was installed, 
community leaders have gone on record that "before the pump program was begun 
in the La Lamilla area, the infant mortality rate from diarrhea and vomiting 
was extremely high. Today, the infant mortality rate from these causes has 
practically disappeared, as have the symptoms." Such statements have made 
the problems, no matter how large, seem insignificant. The Georgia Institute 
of Technology is grateful to the Agency for International Development, 
especially to Mr. James F. Thompson, Chief, Environmental Health Division, 
Office of Health, Development Support Bureau, U.S.A.I.D., Washington, D.C., 
for the opportunity of participating in such a program. 

Summary 
Recognizing the need in developing countries for a reliable supply of 
potable water and the corollary worldwide need for a long-lasting, low-cost, 
easily repaired, locally manufactured hand pump, the Agency for International 
Development (AID) began a series of contracts with the Battelle Memorial Insti-
tute to design and laboratory test a reciprocating shallow- and deep-well hand 
pump for LDC manufacture and use. A final design was developed and, in late 
1976, AID contracted with the Office of International Programs at the Georgia 
Institute of Technology to evaluate the performance and acceptability of the 
AID pump in comparison with other pumps used in developing countries and the 
feasibility of local manufacture of the AID pumps. Cooperating with Georgia 
Tech on the project was the Central American Research Institute for Industry 
(ICAITI) and local Ministry of Health and AID officials in Costa Rica and 
Nicaragua. 
Costa Rica 
Costa Rica was chosen as a test country because of a sizable well and 
hand-pump loan that had been made to that country by AID and because of the 
country's need for an expanded water pump program. Provisions of the loan 
specifically included installation of water pumps on a large-scale basis, and 
it was felt that assistance in such areas as pump selection, installation 
techniques, and pump maintenance, as a part of this field-test program, would 
greatly benefit the government of Costa Rica. Costa Rican Ministry of Health 
and AID officials also strongly felt that a locally manufactured hand pump 
offered by the AID/Georgia Tech/ICAITI program had many advantages that should 
be included in the Costa Rican loan program (mainly employment generation, 
spare parts availability, and lower cost than for commercially available 
hand pumps). 
Active work began in Costa Rica in January 1977, when AID/Washington and 
Georgia Tech jointly agreed that Costa Rica and Nicaragua should be the test 
countries for the program described herein. A machine shop that purchases 
rough iron castings from a local foundry was contracted to manufacture 20 AID 
pumps (eleven deep-well and nine shallow-well). These pumps were produced and 
delivered to a Ministry of Health warehouse for storage and installation in 
April 1977. Two different kinds of pumps were chosen with which to compare the 
AID pump: a Dempster and a Japanese "Lucky" pump. Thirty-one sites, 
representative of Costa Rica, were chosen to receive the test pumps (16 AID 
pumps and 15 competitive pumps). 
Wells were randomly tested by chemical and bacteriological analyses 
prior to test-pump installation and found to contain large numbers of intesti-
nal bacteria, indicating that contamination was not being sealed off from the 
water. The pumps were installed by the Ministry of Health, the wells were 
disinfected with a chlorine-yielding compound and attempts were made to seal 
off the contamination sources. However, subsequent bacteriological testing 
has shown no improvement in the quality of the water due to poor construction 
of the upper well structures by the rural villagers, as well as their reluc-
tance to accept an adequate amount of disinfection -- a matter that has caused 
great concern within the Ministry of Health. As a result, internal organiza-
tional changes have been made, and technicians and engineers are now being 
hired and trained in an attempt to alleviate the situation. 
The prices of the AID pumps manufactured in Costa Rica were as follows: 
Shallow-well 	 $ 98 (each) 
Deep-well 	 $128 (each) 
Patterns 	 $498 (one-time charge only) 
It should be noted that it has been very difficult during this program 
to arrive at a "representative" price for the AID pump because of extreme 
variances in manufacturing costs, especially overhead, between different coun-
tries and even between different manufacturers within the same country. For 
example, in Nicaragua, prior to placing an order with the manufacturer, price 
quotes were received from seven foundries that ranged from $69 (shallow- 
well) and $75 (deep-well) to $225 (shallow-well) and $250 (deep-well). During 
a trip to Ghana, the project director for this program discussed the AID pump 
with AID and Ghanaian government officials and discovered that prior investiga- 
tions into the use of the AID pump for that country indicated a cost of approxi-
mately $500 per pump (shallow-well or deep-well) for a relatively large order 
(100 pumps or more). Inquiries into the manufacture of the AID pump in the 
Dominican Republic have provided cost estimates ranging from $160 (shallow-
well) and $200 (deep-well) to $261 (shallow-well) and $298 (deep-well), with 
the cost of patterns for making the castings included here in the price of the 
pumps, rather than as a separate cost. 
To complicate matters even more, a judgment of expected quality must be 
balanced against the price of the pump and, in some cases, higher prices have 
not necessarily reflected a potential for the highest level of quality. How-
ever, various cost estimates show that the AID pump (shallow-well or deep-well) 
can be provided for an attractive price of below $100 (for instance, Indonesian 
foundries are manufacturing the deep-well pump for $60 and the shallow-well 
pump for $50 on orders of less than 50 pumps per order). 
In general, the functional performance and acceptance of the Costa Rican-
manufactured AID pump has been satisfactory, but serious casting defects were 
encountered which necessitated the replacement of five handles, two shallow-
well caps, and one modified handle fulcrum. In all cases, these failures were 
caused by a lack of quality control at the foundry, which was not possible 
without laboratory facilities for testing the cast iron. The foundry used for 
the manufacture of the AID pumps in Costa Rica was representative of what 
might be found in many developing countries, but was not considered by project 
personnel to be the best in the country. Better foundries were available; how-
ever, these foundries were not interested in initial small orders even though 
the potential for much larger orders existed for the future. 
Nicaragua  
Nicaragua was chosen as a test country because of a rural water supply 
and hand-pump program loan by AID to that country involving the installation 
of hand-operated water pumps. The loan provisions included potable water 
systems that will construct 300-340 wells by the end of 1979. The AID/Georgia 
Tech/ICAITI program has complemented this program by providing technical assis-
tance in pump selection, installation techniques, and pump maintenance, and 
has enabled the Ministry of Health in Nicaragua to take advantage of locally 
manufactured hand pumps that can be produced at a cost lower than commercially 
available pumps. This local program increases spare parts availability, 
reduces foreign exchange outflow, and stimulates local employment, as well as 
provides all other benefits of the AID pump mentioned in the introduction to 
this report. 
As in Costa Rica, program activities began in Nicaragua in January 1977. 
A local foundry was chosen to manufacture 20 AID pumps (eleven deep-well and 
nine shallow-well), which were produced and delivered to a Ministry of Health 
warehouse for storage and installation in May. Two kinds of locally available 
pumps were chosen for comparison with the AID pump: a Dempster and a Brazilian 
"Marumby" pump. A pump developed by the International Development Research 
Centre (IDRC) of Ottawa, Canada, also was used for comparison. Thirty sites, 
representative of Nicaragua, were approved to receive the test pumps (16 AID 
pumps and 14 comparative pumps), and all of the sites required extensive 
preparatory work before pumps could be installed. Pumps were installed by a 
Ministry of Health installation team, and the wells were disinfected with a 
chlorine-yielding substance. As in Costa Rica, the sites had chemical and 
bacteriological testing prior to installation of test pumps and showed exces-
sive amounts of intestinal bacteria. 
In manufacturing the AID pumps in Nicaragua, a somewhat surprising situa-
tion was encountered -- foundries were plentiful, but pattern makers, a very 
necessary requirement for local production, were almost nonexistent. A foun-
dry was located that appeared to have the resources, including pattern makers, 
to manufacture a quality AID pump, and a contract was signed for the manufac-
ture of eleven deep-well pumps and nine shallow-well pumps. The prices of the 
pumps, for an order of 20, were as follows: 
Shallow-well 	 $ 69 (each) 
Deep-well 	 $ 75 (each) 
Patterns 	 $1,000 (one-time charge only) 
Two major maintenance problems with the AID pump became apparent when 
installation of the pumps began. The most critical problem was that the deep-
well pump cap's weakest point was where maximum stress was being applied by 
the handle fulcrum upon the pivot arm of the cap, causing the pivot arm to 
break off from the cap. This problem was partly the fault of the design and 
partly the fault of the manufacturer. Because of an indented contour of the 
top plate of the pump body, it was not possible to cast the pump body as speci-
fied by the drawings (the patterns for the pump could not be removed from the 
molding sand without destroying the mold). Therefore, the manufacturer elimi-
nated the indented contour of the top plate of the pump and then did not have 
enough clearance between the pivot arm of the cap and the top of the pump body. 
In order to obtain a better fit between the pump cap and the pump body, the 
manufacturer milled away a fillet on the pivot arm, thereby leaving a notch at 
the point of maximum stress. To alleviate the entire problem, the pump cap 
was redesigned by lifting the pivot arm up and away from the pump body and 
positioning it so that it does not absorb so much of the stress caused by the 
downward force of the pump handle. The redesigned cap was put into produc-
tion at the manufacturer's foundry, installed on the pumps in the field, and 
has presented no additional problems. 
The second major maintenance problem encountered with the AID pump in 
Nicaragua evolved when the manufacturer could not find 3-inch (inside diam-
eter) PVC pipe for the deep-well cylinders. As a result, the manufacturer 
used 3-inch (outside diameter) PVC pipe and expanded it, by heating, to a 
3-inch inside diameter. Quality control for such an approach was most diffi-
cult, and the results were unacceptable. While several of these PVC cylinders 
were installed in the field, it was decided that metal cylinders coated inter-
nally with epoxy (a Battelle option) would have to be used until the correct 
size PVC could be made available locally or imported from another country. In 
July (1978) the correct size PVC pipe was obtained from a local manufacturer 
and cylinders were produced according to specifications to be used for future 
pump installations. 
Excessive wearing of leather cups has also presented problems for the AID 
pump in Nicaragua principally because of insufficiently smooth cylinders and 
oversized cups. Battelle drawings specify a 3-inch diameter leather cup for a 
3-inch cylinder, which would be satisfactory if leather did not expand when 
wet. To allow for expansion, the dry cups should have been made approximately 
1/16-inch undersized. A replacement order for the original oversized cups was 
filled by the pump manufacturer, and the wearing of these new cups has been 
considerably less due to the use of a blanking tool that improves the quality 
controls of the manufacturer. 
Conclusions  
Monitoring of pump performance has been concluded by Ministry of Health, 
AID, ICAITI, and Georgia Tech personnel. Despite many field test problems with 
the AID hand pump, field test results indicate that the AID pump can be manu-
factured with a high degree of quality in many less developed countries (LDCs). 
The test results, further, would most definitely encourage the manufacture, 
installation, and use of the AID hand pump in LDCs. 
The AID pump can be manufactured in a developing country at a competitive, 
profitable price and at an acceptable level of quality if adequate facilities 
(foundries, pattern makers, machine shops and skilled machinists, raw materials, 
etc.) are available; however, the availability of adequate foundry facilities 
with acceptable pump prices and quality controls must be determined for each 
individual developing country. Public acceptance by rural villagers has been 
good, in terms of both aesthetics and ease of use by men, women and children. 
Further, the AID pump should have a positive impact in LDCs on the health of 
rural people, employment generation, and foreign exchange requirements. In 
addition, the demonstration of local capabilities for manufacturing a rather 
complicated product instead of importing it should enhance the national pride 
of the people. 
While numerous manufacturing problems, especially quality control, have 
been encountered in both Costa Rica and Nicaragua, the majority of these prob-
lems have been such as to be expected when a product like the AID pump is 
introduced into LDC production for the first time. As subsequent orders are 
processed through the manufacturer's plant and as personnel become more familiar 
with the pump itself, quality control should be refined to the point where the 
orders are considered to be normal production. All manufacturing problems 
were satisfactorily overcome as a result of adaptation and modification designs 
which ultimately proved to be workable in the LDC environment. 
INTRODUCTION 
Recognizing the need in developing countries for a reliable supply of 
potable water and the corollary worldwide need for a long-lasting, low-cost, 
easily repaired, locally manufactured hand pump, the Agency for International 
Development (AID) began a series of contracts with the Battelle Memorial 
Institute to design and laboratory test a reciprocating shallow- and deep-well 
hand pump for LDC manufacture and use. A final design was developed and, in 
late 1976, AID contracted with the Office of International Programs at the 
Georgia Institute of Technology to evaluate the performance and acceptability 
of the AID pump in comparison with other pumps used in developing countries 
and the feasibility of local manufacture of the AID pumps. Cooperating with 
Georgia Tech on the project was the Central American Research Institute for 
Industry (ICAITI) and local Ministry of Health and AID officials in Costa 
Rica and Nicaragua. 
The program has consisted of the manufacture of AID pumps in Nicaragua and 
Costa Rica, the purchase of locally available comparative pumps, installation 
of the pumps in rural villages, and evaluation of the field performance of 
each pump over a one-year period. One manufacturer in each country was 
selected to manufacture the AID pump. A minimum of 30 pumps cf various kinds 
were installed in each country, and detailed, frequent monitoring of their 
operation was accomplished. 
Organizationally, Georgia Tech had overall responsibility for the AID 
hand-operated water pump field testing. Members of the Engineering Experiment 
Station have been, and are currently, involved in national and international 
programs of community and area development, management and technical assistance 
to business and industrial firms, industrial and economic development training, 
market analyses, studies of new manufacturing opportunities, manpower resources 
and labor productivity, stimulation of small-scale industry, technology assess-
ment, development and conservation of energy resources, housing resources, 
industrial economics, economic uses of industrial wastes, adaptive technology 
research and development, audiovisual presentations and multimedia documenta-
tion, and professional guidance in planning industrial and economic development 
programs. The organization of the Engineering Experiment Station is illustrated 
in Figure 1. 
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ICAITI, chosen as a Central American counterpart by Georgia Tech to enable 
efficient utilization of travel funds, to provide quick response to AID and to 
the Ministries of Health in Costa Rica and Nicaragua, and to take full advan-
tage of its established working relationships with existing communities, indus-
tries, lending institutions, and governmental departments of Costa Rica and 
Nicaragua, is very similar to the Engineering Experiment Station. For more 
than 14 years, ICAITI has made significant contributions to the industrial 
development of Central America through the introduction of modern technologies 
and has completed a considerable number of related projects that have aided 
in the accomplishment of this program. 
The program, more specifically, consisted of participation by Georgia 
Tech and ICAITI in the following activities: 
1. Providing technical assistance for selected foundries and machine 
shops to locally manufacture the AID pumps. 
2. Selecting and purchasing locally available pumps to be used in com-
parison with the AID pump. 
3. Selecting 60 field-test sites for installation of 30 AID pumps and 
30 locally available pumps (30 sites located in each of the two test 
countries). 
4. Determining the quality of water through chemical and bacteriolog-
ical analysis. 
5. Preparing sites (preparing new wells or rehabilitating existing 
wells, as necessary). 
6. Installing pumps. 
7. Monitoring pump performance for a 12-month period. 
8. Collecting and analyzing field data. 
In gathering and analyzing data on the AID pump, seven areas have been 
of major concern: 
1. Operational performance in the field. 
2. Maintenance requirements and pump reliability. 
3. Competitive cost and analysis of the economics of in-country manu-
facturing. 
4. Manufacturing problems encountered. 
5. Needed design changes and future utilization. 
6. Public acceptance and marketability. 
7. AID pump design characteristics and specifications. 
The program has shown that the AID hand pump is very adaptable to local 
manufacture in many developing countries and offers many benefits (spare parts 
availability, easy maintenance, low cost, durability, employment generation, 
increase of local income, and the diminution of foreign exchange outflow). 
The AID hand pump consists of a shallow-well version (the plunger, or piston, 
and its cylinder located above the water level) and a deep-well version (the 
plunger, or piston, and its cylinder located below the water level). Both ver-
sions are single-action, reciprocating, positive displacement type pumps. 
Photographs of these pumps, produced in both Costa Rica and in Nicaragua, 
follow. 
COSTA RICA 
The AID shallow-well pump, left photo, and the AID deep-well pump, right photo, both manufactured in 
Costa Rica. 
NICARAGUA 
The AID shallow-well pump, manufactured in Nicaragua 
NICARAGUA 




It is universally accepted that an adequate supply of water for drinking, 
personal hygiene, and other domestic purposes and an adequate means of waste 
disposal are essential to public health and well-being. Unfortunately, vast 
numbers of people in the developing world, most of them living in rural areas, 
do not have access to a safe and convenient source of water. When safe and 
convenient sources are available, satisfactory sewage disposal facilities 
normally are still unavailable.
1/ 
Costa Rica was chosen as a test country because of a sizable well and 
hand-pump loan that had been made to that country by AID and because of the 
country's need for an expanded water-pump program. Provisions of the loan 
specifically included installation of water pumps on a large-scale basis, and 
it was felt that assistance in such areas as pump selection, installation 
techniques, and pump maintenance, as a part of this field-test program, would 
greatly benefit the government of Costa Rica. Costa Rican Ministry of Health 
and AID officials also strongly felt that a locally manufactured hand pump 
offered by the AID/Georgia Tech/ICAITI program had many advantages that 
should be included in the Costa Rican loan program (mainly employment genera-
tion, spare parts availability, and lower cost than for commercially avail-
able hand pumps). 
One aspect of this project that was obvious from the beginning is 
that, even though Costa Rica is a developing country, it is much more devel-
oped than Nicaragua, and this shows up in the availability of rural community 
water supplies for the two countries. For instance, based on on-site surveys, 
representative test sites chosen for this project showed an average usage by 
approximately 60 persons in Costa Rica and 170 persons in Nicaragua. In Costa 
Rica, most communities of 250 inhabitants or more had some form of piped water 
system, while in Nicaragua, the size of the community usually exceeded 2,000 
inhabitants before piped water was found. In Costa Rica, most communities had 
at least one well with a pump, if not piped water, and in Nicaragua, springs, 
1/
Robert J. Saunders and Jeremy J. warford, Village Water Supply (Balti-
more, Maryland: The Johns-Hopkins University Press, 1976), p. 3. 
rivers, and open, dug wells were the common sources of water. Costa Rica has 
a greater degree of electrification in rural areas, allowing the installation 
of motorized pumping systems that are not possible in many areas of Nicaragua. 
Further, the Ministry of Health in Costa Rica has had a limited hand-pump water 
program for some 15 years, while Nicaragua is just now in the beginning stages 
of such a program. 
This does not mean that Costa Rica is without a need for improvement in 
its potable water delivery system. The Ministry of Health, for instance, has 
estimated that as many as 47,000 hand-operated water pumps are needed to pro-
vide a suitable water supply to the country's rural citizens. Further, many 
existing water pumps are inoperable because of a lack of maintenance and, 
where there are functioning pumps, most of the well structures are poorly 
designed and completely ineffective in sealing out contamination. There is 
also a great need for continued improvement in the proper governmental organi-
zation infrastructure to carry out an effective rural water supply program. 
Active work began in Costa Rica in January 1977, when AID/Washington and 
Georgia Tech jointly agreed that Costa Rica and Nicaragua should be the test 
countries for the program described herein. A machine shop that purchases 
rough iron castings from a local foundry was contracted to manufacture 20 AID 
pumps (eleven deep-well and nine shallow-well). These pumps were produced 
and delivered to a Ministry of Health warehouse for storage and installation 
in April 1977. Two different kinds of pumps were chosen with which to com- 
pare the AID pump: a Dempster and a Japanese "Lucky" pump. Thirty-one sites, 
representative of Costa Rica, were chosen to receive the test pumps (16 AID 
pumps and 15 competitive pumps). (A pictorial monograph of all field-test 
sites in both Costa Rica and Nicaragua is contained in the Appendix of this 
report.) 
Wells were randomly tested by chemical and bacteriological analyses prior 
to test-pump installation and found to contain large numbers of intestinal 
bacteria, indicating that contamination was not being sealed off from the 
water. The pumps were installed by the Ministry of Health, the wells were 
disinfected with a chlorine-yielding compound, and attempts were made to seal 
off the contamination sources. However, subsequent bacteriological testing has 
shown no improvement in the quality of the water, due to poor construction of 
the upper well structures by the rural villagers as well as their reluctance 
to accept an adequate amount of disinfection -- a matter that has caused great 
concern within the Ministry of Health. As a result, internal organizational 
changes have been made, and technicians and engineers are now being hired and 
trained in an attempt to alleviate the situation. 
Field Test Sites  
Table 1 shows those sites selected for the field testing in Costa Rica. 
They were chosen primarily because of their relative high usage (for Costa 
Rica) and accessibility. All sites were existing wells, all except one had 
been hand dug rather than drilled, and all were classified as either deep 
wells (as used herein, more than 25 feet in depth) or shallow wells (25 feet 
or less in depth). The usage at each site varied considerably, with an overall 
average of 60 people. Approximately half of these sites already had pumps, 
with the condition of the original pumps ranging from broken and inoperable to 
good. (The other half of the well sites had no previous pumps and, as a 
result, the new pumps replaced the bucket and rope system of retrieving water.) 
Selection of the sites was made during the dry-season months of January, 
February, and March so that the water column figures would indicate annual low-
water levels. However, the dry season of 1976-1977 took a disastrous toll on 
the sites, and, by the middle of May, many (approximately 50%) of the sites had 
dried up completely and had to be deepened before all pumps could be installed. 
In some cases, the wells had already been dug as deeply as possible, and sub-
stitute sites had to be found that were much more inaccessible and less desir-
able from a high-usage standpoint. 
The general areas of site concentration were in the northwestern quadrant 
of Costa Rica in the vicinity of Nicoya, Santa Cruz, Liberia, and Las Cafias, 
and in the eastern area of Limon (see Map 1). 
Manufacture of AID Pumps  
Manufacturing Costs. A contract was signed with Mecanizados Mofama, S.A., 
located near San Jose, on January 28, 1977, for the manufacture of nine shallow-
well type AID pumps and eleven deep-well type AID pumps. The prices of the 
pumps were as follows: 
Table 1 
SELECTED SITES FOR AID PUMP FIELD TESTS IN COSTA RICA 
Average' 
Classifi- Estimated Type of Condition Has Type2 
Site Well Well cation Depth Usage - Original of Original Water of Pump Date 
No. Location Situation Type by Depth (m)  People Pump Pump Meter Installed Installed 
1 La Palma de Abangares Existing Dug Deep 11.55 70 Japanese Broken AID-DW 4/22/77 
2 San Joaquin de Abangares Existing Dug Deep 11.70 38 Dempster Broken AID-DW 4/22/77 
3 IMAS, El Torito, Samara Existing Dug Shallow 5.86 98 Dempster Good X AID-SW 5/17/77 
4 Hernandez de Santa Cruz Existing Dug Shallow 4.30 51 Dempster Good Lucky 5/18/77 
5 Curime de NicOya 
(School) Existing Dug Deep 10.35 125 Dempster Poor Dempster 5/19/77 
6 Pijije de Bagaces 
(School) Existing Dug Deep 10.80 38 Dempster3 Good Dempster 5/19/77 
7 La Javilla de Canas 
(School) Existing Dug Shallow 6.10 91 Dempster Poor AID-SW 5/20/77 
8 Zent #1, Matina (School) Existing Dug Shallow 4.50 60 None X AID-SW 5/20/77 
9 Corina, Matina Existing Dug Shallow 7.60 17 Japanese Poor AID-SW 5/25/77 
10 Bristol, Matina Existing Dug Shallow 3.20 145 None X AID-SW 5/26/77 
11 La Margarita, Bataan 
(School) Existing Dug Shallow 3.85 41 None Lucky 5/26/77 
12 Corazon de Jesus Existing Dug Deep 12.10 13 None Dempster 6/1/77 
13 Zent #2, Matina 
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1 16 Pueblo Nuevo de Colorado 
(School) Existing Dug Shallow 7.48 32 Dempster Fair X AID-SW 6/22/77 
17 San Francisco, Santa Cruz 
(School) Existing Dug Shallow 6.30 30 Dempster Fair Lucky 6/23/77 
18 Terciopelo de Nicoya Existing Dug Deep 7.61 50 Dempster Poor AID-DW 6/24/77 
19 Caimitalito de Nicoya 
(School) Existing Dug Deep 10.50 34 Red Jacket Broken AID-DW 6/24/77 
20 Judas de Chomes Existing Dug Deep 9.85 118 Dempster Broken X Dempster 8/12/77 
21 Limonal de Abangares Existing Dug Deep 9.30 30 Dominion Broken Dempster 9/2/77 
22 Zent #3, Matina 
(Mariano Grijalba) Existing Dug Shallow 4.90 8 None -- Lucky 6/7/77 
23 Santa Marta de Matina Existing Dug Shallow 4.10 42 Dempster Broken Lucky 7/27/77 
24 Tarcolesa de Orotina 
(School) Existing Dug Shallow 4.30 32 Dempster Fair Lucky 8/4/77 
25 Mesetas Abajo (School) Existing Dug Shallow 6.30 15 None -- Lucky 8/5/77 
26 San Juan Grande Existing Dug Deep 9.30 153 None -- AID-DW 8/5/77 
27 Sabana Grande Existing Dug Deep 8.30 245 Dempster Broken AID-DW 8/10/77 
28 Coyolito de Santa Cruz Existing Drilled Deep 10.00 65 Dempster Broken AID-DW 8/11/77 
29 La Lorena de Santa Cruz Existing Dug Deep 9.60 28 None -- Dempster 8/12/77 
30 Lajas de Canas Existing Dug Deep 10.00 19 None AID-DW 8/29/77 
31 Indiana Tres, Siquirres Existing Dug Shallow 3.25 40 None AID-SW 9/8/77 
lAverage estimated usage based upon individual user pattern surveys at each site. 
2AID-DW: AID pump for deep well; AID-SW: AID pump for shallow well; Dempster: Dempster deep-well type pump; Lucky: Japanese-made 
shallow-well type pump. 
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COSTA RICAN TEST SITE AREAS 
Sites in Costa Rica are concentrated in two major areas: 
(1) the northwestern quadrant around Nicoya, Santa Cruz, 
Liberia, and Las Canas, and (2) the eastern area of Limon. 
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Shallow-well 	 $ 98 (each) 
Deep-well $128 (each) 
Patterns 	 $498 (one-time charge only) 
Because an order for 20 pumps does not offer any significant economies of 
scale, it is extremely costly to manufacture such a small order, especially if 
the manufacturer is not familiar with the many components of the pump and how 
they relate to each other. The manufacturer broke even on the 20 pumps 
actually produced and has recently updated his prices to reflect larger numbers 
of pumps per order and inflation: 
Shallow-well 	Deep-well 
Quantity 	($ Price/Unit) ($ Price/Unit)  
20 128.00 139.00 
100 126.50 137.75 
200 125.50 136.60 
500 124.25 135.25 
1,000 120.00 130.00 
The above price scales are represented graphically in Figure 2. There are 
other foundries in Costa Rica that could be used for future orders to meet the 
47,000 pump demand, mentioned earlier, and it is felt that the prices quoted by 
Mecanizados Mofama could be improved upon because of competitive pres- 
sures. The prices as quoted are competitive with imported pumps (Dempster, for 
example), and when other advantages of local pump manufacture are taken into 
consideration, such as spare parts availability, employment generation, local 
income increases and reduction of foreign exchange outflow, this possibility 
appears attractive to project personnel, AID officials in Costa Rica, and 
Ministry of Health personnel. 
It should be noted that it has been very difficult during this program to 
arrive at a "representative" price for the AID pump because of extreme vari-
ances in manufacturing costs, especially overhead, between different countries 
and even between different manufacturers within the same country. For example, 
in Nicaragua, prior to placing an order with the manufacturer, price quotes 
were received from seven foundries that ranged from $69 (shallow-well) and 
$75 (deep-well) to $225 (shallow-well) and $250 (deep-well). During a trip 
to Ghana, the project director for this program discussed the AID pump with 
AID and Ghanaian government officials and discovered that prior investigations 
Figure 2 
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into the use of the AID pump for that country indicated a cost of approximately 
$500 per pump (shallow-well or deep-well) for a relatively large order (100 
pumps or more). Inquiries into the manufacture of the AID pump in the Domin-
ican Republic have provided cost estimates ranging from $160 (shallow-well) and 
$200 (deep-well) to $261 (shallow-well) and $298 (deep-well), with the cost of 
patterns for making the castings included here in the price of the pumps, 
rather than as a separate cost. 
To complicate matters even more, a judgment of expected quality must be 
balanced against the price of the pump and, in some cases, higher prices have 
not necessarily reflected a potential for the highest level of quality. How-
ever, various cost estimates show that the AID pump (shallow-well or deep-well) 
can be provided for an attractive price of below $100 (for instance, Indonesian 
foundries are manufacturing the deep-well pump for $60 and the shallow-well 
pump for $50 on orders of less than 50 pumps per order). 
Manufacturing Specifications. The AID pumps were manufactured according 
to AID-approved Battelle drawings and with the following additional instructions: 
1. The plunger rod was made from 1/2-inch diameter rod, rather than 7/16-
inch, because of difficulty in locating a reliable supply of 7/16-inch stock. 
The pump rod nut, the rod end, and the plunger assembly also were changed to 
accommodate the 1/2-inch plunger rod. 
2. The handle pivot pins were hardened to 40 R c and steel bushings 
(60-64 Rc) were inserted in the pump handle holes. By taking this approach, 
the pins are.expected to wear out before the handles, allowing easier repairs 
at the least cost. 
3. For the shallow-well pump, the 3-inch support pipe was internally 
coated with epoxy for a smoother surfaced cylinder finish. A bolted pump cap 
was chosen in preference to a pin-mounted pump cap (the bolted cap was felt to 
be sturdier and longer lasting). 
4. For the deep-well pump, a bolted pump cap was chosen in preference to 
a pin-mounted option. The pump cap was modified, however, because of concern 
by the manufacturer that he could not cast this particularly complex part. 
(Figures 3 and 4 are working drawings of the locally modified cap and its 
accompanying handle fulcrum.) The pump cylinder was constructed from Schedule 
40 PVC pipe. 
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Figure 3 
MODIFIED DEEP-WELL PUMP CAP IN COSTA RICA 
Note: This design necessitates the inclusion of a stuffing 
box to guide the piston. The addition of this stuf-
fing box will also facilitate the use of the AID 
pump for raising water to an elevated tank. The 
stuffing box is a simple one-inch diameter threaded 
brass plug which is tightened against a fibrous 
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In addition to the above, all pumps were painted with an anticorrosive 
coating and consecutively numbered for identification purposes. In general, 
the manufacturing problems encountered were mostly associated with those to 
be expected from unfamiliarity with the pump itself on the first production 
order -- a prototype would have been very helpful -- and from poor castings. 
Visual inspection checks were carried out at periodic stages of production by 
Georgia Tech and ICAITI personnel, and, before acceptance of the finished 
pumps, all pumps were installed on a 55-gallon drum of water and checked for 
overall pump performance. 
It should be noted that the foundry producing the castings had no 
laboratory facilities and used scrap metal as the source of raw materials. 
High-quality castings require a level of technology not generally expected to 
be found in developing countries and, without this technology, quality (such 
as degree of hardness) will vary from pump to pump and from one production 
order to the next. As a result, the pump castings produced in Costa Rica were 
rough in texture, contained voids and inclusions, and would be considered 
unacceptable by U.S. standards. However, subsequent castings produced for 
replacement parts showed significant improvement as the foundry gained experi-
ence in the production of these components. 
Proper machine shop facilities and skilled machinists also are necessary 
for the manufacture of the AID pump. While the Costa Rican AID pump manufac-
turer had only a small shop (four employees) for the machining operations 
required, it was sufficient for small-quantity pump production. The machine 
shop contained a multiple-speed lathe, a vertical lathe, welding equipment, a 
drill press, a metal cutter, and assorted hand tools. Sandblasting equipment 
was not available but would have been useful in smoothing out the rough texture 
of the castings. Additionally, the machine shop did not have access to an 
oven, which was necessary for hardening the steel bushing inserts and the 
handle pivot pins (a competitor's oven was actually used). 
Comparative Pumps  
Two pumps were chosen for comparison with the AID pumps manufactured in 
Costa Rica -- a Dempster and a Japanese Kawamoto Daiichi "Lucky" pump. The 
Dempster model (see Figure 5) is considered by the authors of this report to 
be one of the better hand-operated water pumps in the world, has the cylinder 
MODEL 36 
Compression Spout 
Furnished at slight Additional Cost. 
Figure 5 
DATA SHEET 380-3 
ISSUE DATE 1976 
CAST IRON 
Dempster hand and windmill pumps are adapted for wells of 
any depth. Neat in design and substantially built, 
equipped with a 4-bolt adjustable flanged top, extra long 
handles and heavy steel bearer pins. Tops fitted with 
stuffing box and packing for tight seal on the piston 
rod. 4-position handle adjustment for up to 10 inch 
stroke. Large capacity air chamber for smooth force 
pumping. Furnished with syphon or compression spout. 
Syphon spout furnished unless otherwise ordered. 2 x 




MODEL 210F is a heavy-duty hand or windmill force 
pump. It has a 1-1/16-inch polished steel piston 
rod securely threaded to the flat bar. For wells of 
extreme depth, with large cylinders or continuous 
operation. This model is available with 2-1/2-inch 
tapping in the base at slight additional cost. 
Type 	 Hand & Windmill 
Suction Tapped 	  2 in. 
Piston Rod Threaded for, 
Rod 	  7/16 in. 
Pipe  3/8 in. 
Tapping in Rear 	  1'/4 in, 
Approx. Weight  71 lbs. 
MODEL 210F(CS1 same as Model 210F except 
equipped with Model 36 Compression Spout. 
MODEL 226F is normal duty hand or windmill force 
pump. It has a 11/16 inch steel piston rod fitted 
to the flat bar with a heavy cast set screw connec-
tion. For wells of shallow to moderate depth at 
normal farm and ranch operation. 
Type 	 Hand & Windmill 
Suction Tapped 	  2 in. 
Piston Rod Threaded for, 
Rod 	  7/16 in. 
Pipe  3/8 in. 
Tapping in Rear 	  1 1/4 in. 
Approx. Weight  70 lbs. 
MODEL 226FICSI same as Model 226 F except equipped 
with Model 36 Compression Spout. 
DEMPSTER INDUSTRIES INC., Beatrice, Nebraska 68310 [4021223-4026 
below water level so that it can be used for wells of shallow or deep depth, 
and costs approximately $257 (1977 list prices) in Central America, delivered 
(the $257 includes the pump, the cylinder, and transportation). The "Lucky" 
pump (see Figure 6) is for shallow wells only (25 feet or less in depth), 
appears to be of good quality, has a porcelain-lined cylinder, and costs approxi-
mately $63 (1977 list prices) in Central America, delivered. 
Monitoring System  
Responsible individuals in each test community were provided with simple, 
printed report forms (see Form 1) designed to provide information covering 
community usage, pump physical condition, and functioning problems, if any. 
These forms were to be filled out and returned to Ministry of Health represen-
tatives every 15 days. If the returned forms showed complaints of any type 
concerning pump functioning or condition, a repair truck was dispatched to the 
site for investigation and repair of the defect. Should a serious pump failure 
occur that could not be corrected readily by Ministry personnel, the Ministry 
was instructed to request immediate assistance from Georgia Tech or ICAITI by 
telephone. 
Copies of all report forms, as well as records of any repair work done 
on either AID or competitive pumps, were maintained at the Ministry of Health. 
This information was reviewed periodically by ICAITI for inclusion in pump 
performance control charts. In addition to the above, a periodic site-by-site 
inspection of all pumps was made by Georgia Tech and/or ICAITI personnel 
(approximately 10 times during the 12-month monitoring period). 
Pump Performance  
In general, the functional performance and acceptance of the Costa Rican-
manufactured AID pump has been satisfactory, but serious casting defects were 
encountered which necessitated the replacement of five handles, two shallow-
well caps, and one modified handle fulcrum. In all cases, these failures were 
caused by a lack of quality control at the foundry, which was not possible with-
out laboratory facilities for testing the cast iron. The foundry used for the 
manufacture of the AID pumps in Costa Rica was representative of what might be 
found in many developing countries, but was not considered by project personnel 
to be the best in the country. Better foundries were available; however, these 
1r 
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Figure 6 
ill LUCKY PUMP 
The most outstanding and unique feature of the 
"LUCKY" Hand Pump is the ConVertibility in 
its usage from an ordinary suctioning to pushing 
up water as illustrated. 
No other brand of hand pump offers this double 
usage. Thus, it makes "LUCKY" a very economical 
buy, "TWO PUMPS FOR THE PRICE OF 
ONE" 
\Special Features: 
1. Chrome Pump Rod: A special 
hard chrome around the pump 
rod gives -LUCKY" added 
durability. Only gun-metal and 
steel used in main parts and 
casted with the best pig iron. 
2. Porcelain Enameled Cylinder 
Liner: Unlike other pumps, 
- LUCKY - has a porcelain 
enameled cylinder liner which 
prevents rusting of the pump 
lining. Very little physical 
effort is required to get 
maximum amount of water in 
less time. 
3. Leakage Impossible: A special 
double gland packing prevents 
water leakage which is very 
common in other kinds of pumps. 
4. Vertical Pumping Motion: This 
kind of pumping motion makes it 
easy. to connect the pump rod of 
the artesian wells, without any 
alteration. 
5. Mud Free : The unique 
construction of"LUCKY"pumps 
eliminates mud which ordinary 
pumps cannot do. 
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The underground water is 
sucked up through a suction 
pipe that is driven directly 
underground. 
AVAILABILITY: 
Good for every existing dug well 
and fit for driven wells. 
USE: 
General home use, sucking. pushing 
up to a height, fire•preventing and 
watering. 
SPECIFICATION: 
Vertical size, 85cm high, steel-pipe 
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Form 1 
Bimonthly Inspection Report  
of Water Pumps  
Location: 
Water pump number: 	  
Date of inspection: 	  
Name of inspector: 	  
1. PHYSICAL CONDITION 
Indicate the condition of the following water pump parts. 
GOOD CONDITION 
	




Nuts and Bolts: 
Pump Stand: 
2. PERFORMANCE 
      
      
      
      
      
      
Indicate if there was a fault in the water pump 
in the last 2 weeks. Yes 	No 
 
If there was a fault, describe the problem and action, if any, taken to 
correct it. 
Indicate if there have been complaints about the performance of the water 
pump. 	
Yes 	No 
If there were, describe them. 
Form 1(continued) 
3. USAGE 
Indicate how many people use this well. 
Less than 30 
 
30 to 50 	50 to 100 
 
100 to 200 	More than 200 
         
Indicate approximately how many times per day the pump is used. 
Less than 30 
 
30 to 50 	50 to 100 
 
100 to 200 	More than 200 
         
4. GENERAL OBSERVATIONS 
foundries were not interested in initial small orders even though the potential 
for much larger orders existed for the future. 
Leather cups have shown excessive wear in AID shallow-well pumps which 
have been manufactured with metal cylinders and coated with epoxy. The cups 
appeared to wear out for two reasons: first, the walls of the cylinders, even 
when an epoxy coating is applied, are too rough and, second, the diameter of 
the metal base of the plunger follower where the leather cup sits was made too 
small (causing the leather cup to catch between the cylinder wall and the base, 
literally tearing the cup apart). The roughness of the cylinder lessens as 
the cup hones it down, but it still presents a problem. If numerous cup 
replacements during the life of the pump are not acceptable, then the cylinder 
must have a PVC sleeve or be mechanically honed down during its manufacture --
an operation that may not be available in some developing countries. The 
smallness of the diameter of the plunger's metal base was easily corrected by 
manufacturing units that are exact size or slightly on the plus side of 
specifications (in other words, closer quality control). 
PVC cylinders for the AID deep-well pumps performed exceptionally well, 
and no leather cups were changed in this type of cylinder (which indicates 
that PVC or honed-down metal cylinders should be used for future pumps). 
There have been no significant problems with the U.S.-manufactured Dempster 
or the Japanese-manufactured "Lucky" pumps. 
Table 2 shows the corrective maintenance performed on all pumps installed 
in Costa Rica. In addition, Ministry personnel conducted periodic preventive 
maintenance, such as lubrication of moving parts, minor adjustments and tight-
ening of nuts and bolts. 
As mentioned previously, pump usage in terms of the number of people 
expected to use each pump site was estimated by user pattern surveys. In 
order to verify the validity of these estimations, water meters were installed 
in five sites and total consumption readings were obtained over an eight-month 
period. These data when applied to the survey estimations showed a variation 
in per capita consumption from 0.3 gallons per day to 1.6 gallons per day from 
one site to another, and an overall average of 1.13 gallons per day. 
Considering the fact that the great majority of the pumps in Costa Rica 
were installed at schoolhouses and that, therefore, students during school 
Table 2 
FIELD TEST PUMP MAINTENANCE - COSTA RICA 
Site 
No. Location  
Corrective Maintenance 
During Test Period  
  
A. AID DEEP-WELL PUMP WITH PVC CYLINDER 
	
1 	La Palma de Abangares 
2 	San Joaquin de Abangares 
19 	Caimitalito de Nicoye 
26 	San Juan Grande 
27 	Sabana Grande 
28 	Coyolito de Santa Cruz 
30 	Lajas de Canas 
Replaced handle (broken - casting defect) 
NONE 
NONE 




B. DEMPSTER DEEP-WELL PUMP 
5 	Curime de Nicoya 
	
NONE 
6 	Pijije de Bagaces 
	
NONE 
12 	Corazon de Jesus 
	
NONE 
14 	San Miguel de Venado 
	
NONE 
15 	Sabalito de Venado 
	
NONE 
20 	Judas de Chomes 
	
NONE 
21 	Limonal de Abangares 
	
NONE 
29 	La Lorena de Santa Cruz 
	
NONE 
C. AID SHALLOW-WELL PUMP WITH STEEL CYLINDER 
3 	IMAS, El Torito, Samara 
7 	La Javilla de Cafias 
8 	Zent #1, Matina (school) 
9 	Corina, Matina 
10 	Bristol, Matina 
13 	Zent #2, Matina 
16 	Pueblo Nuevo de Colorado 
18 	Terciopelo de Nicoya 
Replaced handle (broken - casting defect) 
2 cup changes (excessive wear) 
Replaced handle (broken - casting defect) 
6 cup changes (excessive wear) 
Replaced pump cap (broken - casting defect) 
Replaced handle (broken - casting defect) 
1 cup change (excessive wear) 
2 cup changes (excessive wear) 
3 cup changes (excessive wear) 
1 cup change (excessive wear) 
Replaced pump cap (broken - casting defect) 
1 cup change (excessive wear) 
Table 2(continued) 
Site 	 Corrective Maintenance 
No. Location 	 During Test Period  
31 	Indiana Tres, Siquirres 	Replaced handle (broken - casting defect) 
2 cup changes (excessive wear) 
D. LUCKY SHALLOW-WELL PUMP 
4 	Hernandez de Santa Cruz 	NONE 
11 	La Margarita, Bataan 	NONE 
17 San Francisco, Santa Cruz NONE 
22 	Zent #3, Matina 	 NONE 
23 Santa Marta de Matina 	NONE 
24 	Tarcolesa de Orotina NONE 
25 Mesetas Abajo 	 NONE 
Note: All AID pump components that broke during the test period were from 
the initial production order. No subsequently produced replacement 
parts failed during the test period (because of improved quality con-
trol by the manufacturer). 
It is also interesting to note that the AID deep-well pump with PVC 
cylinder and leather cup required no cup replacement during the 12-
month monitoring period in communities of as many as 245 users per 
day. Further, at the end of the test period, AID deep-well pumps 
were disassembled and inspected with no evidence of wear to the cyl-
inder or to the leather cup itself. 
hours were the principal consumers, the relatively low average per capita 
consumption shown above appears reasonable. The variation between sites may 
reflect errors in the survey estimates; therefore, in any future programs of 
this type, water meter readings would be the preferred method for determining 
usage. 
All pump defects requiring corrective maintenance were due to known 
causes (poor castings, rough steel cylinders, etc). Maintenance problems, as 
could be expected, occurred randomly rather than at those sites with the 
highest usage. Therefore, no correlation could be shown between usage and 
corrective maintenance. 
In order to further determine the durability of the different test pumps, 
attempts were made to correlate the different well depths with the amount of 
total stress exerted on the test pumps, assuming that the greater the depth of 
the well as well as the greater the distance to the water level, the greater 
the pump is stressed in pumping water over a given period of time. 
Under normal operating conditions, a pump is never uniformly stressed, 
that is, the force per unit area varies throughout the structure of the pump. 
Due to the difficulty in calculating total stress for the entire pump, both 
theoretical and actual force (in Newtons) was determined on the delivery sys-
tem of the pump. The theoretical force depended upon the volume of water 
being lifted from the well's water level plus the weight of the plunger rod and 
plunger assembly, while the actual force depended not only upon all the above, 
but also on friction and flow losses. Even though theoretical force and 
actual force are both directly proportional to stress, theoretical force 
generally increased with increasing well depth, while actual on-site force 
measurements randomly varied with depth (see Table 3). 
Little correlation could be made between depth and actual force. These 
data indicate that friction plays a dramatic role in the amount of work required 
to pump water. If a water pump is kept in a well-lubricated state, has a 
smooth cylinder, has a cup that fits snugly but not too tightly inside the 
cylinder, and has no surfaces that grind against each other, the amount of 
actual force required to produce water will approach the theoretical force 
figure. If any of the above conditions are not met (which is almost always 
the case), the friction factor increases drastically and, as seen in Table 3, 
a pump operating from a depth of 3.8 meters (Site No. 11) can require three 
times as much work as a pump bringing up water from a well two times as deep 
(Site No. 9). 
Table 3 
FORCE EXERTED ON FIELD-TEST PUMPS (COSTA RICA) 
AS A FUNCTION OF WELL DEPTH 
Depth 	Site 	Actual Forcer  Theoretical Force?/ Type of 
(m) No. Newtons 	lbf 	Newtons 	lbf 	AF/TF* 	Pump  
3.2 10 117.9 26.5 52.5 11.8 2.2 AID-SW 
3.3 31 80.1 18.0 52.9 11.9 1.5 AID-SW 
3.8 11 350.1 78.7 50.7 11.4 6.9 Lucky 
4.1 23 140.1 31.5 52.5 11.8 2.7 Lucky 
4.2 13 420.4 94.5 53.4 12.0 7.9 AID-SW 
4.3 4 280.2 63.0 54.3 12.2 5.2 Lucky 
4.5 8 280.2 63.0 55.6 12.5 5.0 AID-SW 
4.9 22 294.0 66.1 65.4 14.7 4.5 Lucky 
6.1 7 264.7 59.7 74.7 16.8 3.5 AID-SW 
6.3 17 419.5 94.3 69.8 15.7 6.0 Lucky 
7.6 9 117.9 26.5 86.3 19.4 1.4 AID-SW 
9.6 29 303.8 68.3 187.7 42.2 1.6 Dempster 
10.0 28 382.4 86.0 190.7 42.9 2.0 AID-DW 
10.0 30 235.3 52.9 190.7 42.9 1.2 AID-DW 
10.8 6 303.8 68.3 199.7 44.9 1.5 Dempster 
1/
Calculations for Actual Force. Actual force figures were ascertained, 
on-site, by measurement with a heavy-duty spring scale of the force required 
to stroke the handle on each individually installed pump. This force was then 
multiplied by the length of the handle (from the fulcrum point to where the 
spring scale was attached) and divided by the distance between the plunger rod 
and the fulcrum point of the handle. The final result was the force required 
to lift water with no mechanical advantage. The equation used was the 
following: 
F = (f) (d) 
D 
where 
F = Actual force where no mechanical advantage is required to lift 
water from a well (Newtons). 
*Note: Ratio of Actual Force to Theoretical Force. 
f = Force exerted on the handle of the pump in order to lift water 
(Newtons) 
d = Distance from the fulcrum point on the pump to where a person's 
force is exerted to stroke the handle (m) 
D = Distance between the plunger rod and the fulcrum point of the 
handle (m). 
For example, at Coyolito de Santa Cruz (Site No. 28) in Costa Rica, the 
variables are as follows: 
f = 47.8 Newtons 
d= 0.8 m 
D = 0.1 m 
Applying the above equation 
F = 47.8 (0.8)  
0.1 
F = 382.4 Newtons 
2/
Calculations for Theoretical Force. When calculations are made to deter-
mine the amount of theoretical force required on a hand pump in order to make 
it lift water, the total number of cubic meters of water in the drop pipe (from 
the pump base to the wells water level) and inside the pump must be determined. 
The equation used is the following: 
V = 7H [(R)2 - (R1)2] + ffh ((r)2 - (r1)2] 
where 
V = Total volume (m3 ) 
H = Depth of the well from the pump base to the well's water level 
(m) 
R = Radius of the drop pipe (m) 
R1= Radius of the plunger rod inside the drop pipe (m) 
h = Height of the water inside the pump assembly (m) 
r = Radius of the pipe inside the pump assembly (m) 
r1= Radius of the plunger rod inside the pump assembly (m) 
When V is determined, it is converted into kilograms of water, assuming 
that one kilogram of water is equal to 1.00 x 10 -3 cubic meters. The total 
number of kilograms of water is then added to the weight of the plunger rod 
and the plunger assembly. When multiplied by the gravity constant (9.807 m/ 
sect), the total amount of force is the result. For example, at Coyolito de 
Santa Cruz (Site No. 28) in Costa Rica, variables are as follows: 
H= 9.0 m 
R = 1.6 x 10-2 m 
R1= 6.3 x 10-3 m 
h = 5.5 x 10-1 m 
r = 3.8 x 10-2 m 
Therefore, 
V = 7(9.0) [(1.6 x 10 -2)2 - (6.3 x 10-3 ) 2 ] + 11(5.5 x 10-1 ) 
[(3.8 x 10-2 ) 2 - (6.3 x 10-3 ) 2 ] 
V = 6.1 x 10-3 + 2.4 x 10 -3 
V = 8.5 x 10 -3 m3 
The total number of kilograms of water is: 
1 kg 	x kg  
1.00 x 10-3m3 - 8.5 x 10-3m3 
x = 8.5 kg of H2O 
The total weight of the plunger rod and plunger assembly is 10.9 kg. 
The total force is thus: 
F = (8.5 kg + 10.9 kg) (9.807 m/sec2) 
F = 190.7 kg - m/sec2 
F = 190.7 Newtons 
Water Quality -- Bacteriological and Chemical  
Water samples were taken from 13 Costa Rican locations prior to installation 
of pumps to determine the level of bacteriological contamination in the water 
being used by rural villagers. (Three of the locations were subsequently dropped 
as test sites because of poor accessibility and infrequent use.) All but one 
location contained Escherichia coli in concentrations ranging from 3.6 to 1,100 
per 100 milliliter (ml.) sample, as shown in Table 4. 
Inasmuch as the presence of E. coli indicates probable fecal contamination, 
ideally none should be present. It was not surprising to find this existing 
condition, however, due to the poorly constructed wells. While the wells were 
disinfected at the time of their construction, imperfect sealing of the top, 
seepage of surface water and inadequate disinfection led to subsequent contami-
nation. Bacterial quantity is subject to considerable variability, and frequent 
analysis of each site would have been required to provide definitive data; it 
is noteworthy, on the other hand, that there was only one location free of 
coliforms. (World Health Organization water quality standards for total coli-
forms and for E. coli consider 10/100 ml and 0/100 ml, respectively, as the 
highest permissible levels.) 
Table 4 
SUMMARY OF BACTERIOLOGICAL ANALYSIS, COSTA RICA 
Site 
No. 
(BEFORE PUMP INSTALLATION) 
Total Coliforms 	E. coli per 
Location 	 per 100 ml @ 35°C 100 ml @ 44°C 
1 La Palma de Abangares 1,100 	 460.0 
2 San Joaquin de Abangares 460 21.0 
3 Conjunto IMAS, El Torito, 
Samara 290 290.0 
5 Curime de Nicoya 43 3.6 
6 Pijije de Bagaces 150 3.6 
7 La Javilla de Canas 93 3.6 
16 Pueblo Nuevo de Colorado 1,100 290.0 
18 Terciopelo de Nicoya 0 0.0 
19 Caimitalito de Nicoya 1,100 120.0 
20 Judas de Chomes 210 150.0 
San Buena Ventura de Colorado 460 240.0 
Penas Blancas de Colorado 1,100 1,100.0 
Nicoya (Barrio San Martin) 210 20.0 
Note: All tests performed in accordance with Standard Methods for the Exam-
ination of Water and Waste Water, 13th Edition APHA, 1971. 
Water disinfection has been a routine matter in Costa Rica during the 
installation of pumps, but there has been no laboratory analysis to reveal the 
extent of assumed contamination in the wells. Because many of the sites in 
Costa Rica had been disinfected in the past only to result in continued con-
tamination, the sites were tested again after pump installation to measure the 
effectiveness of pump programs such as this one now being carried out in Costa 
Rica and Nicaragua. 
The bacteriological analyses, shown in Table 5, indicate that all waters 
involved in the second sampling were polluted to some extent, and some were 
grossly polluted. The presence of E. coli was taken as an indication of fecal 
contamination, and thus, the possible presence of pathogens associated 
with the intestinal tract of humans or other mammals. Persistent failure to 
improve the qualities of these waters should, as a general rule, lead to con-
demnation of the water supply. 
It should be stressed that existing, poorly constructed Costa Rican 
structures were used for this field test of the installation and operational 
performance of the AID hand pump, not improved structures such as was the case 
in Nicaragua, and, in addition, project personnel experienced a serious reluctance 
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Table 5 
SUMMARY OF BACTERIOLOGICAL ANALYSIS, COSTA RICA 
(AFTER PUMP INSTALLATION) 
Site 	 Total Conforms 	E. coil per 
No. Location 	 per 100 ml @ 35°C 100 ml @ 44°C  
1 	La Palma de Abangares 	 23 	 3.6 
2 	San Joaquin de Abangares 	 39 	 3.6 
4 	Hernandez de Santa Cruz 	 1,100 	 150.0 
5 	Curime de Nicoya 	 more than 1,100 	 210.0 
6 	Pijije de Bagaces 	 1,100 	 23.0 
7 	La Javilla de Canas 	 more than 1,100 	 1,100.0 
9 	Corina 	 more than 1,100 	 93.0 
10 	Bristol 	 more than 1,100 	 210.0' 
11 	La Margarita 	 1,100 	 53.0 
12 	Corazon de Jesus de Kutru 	 1,100 	 35.0 
13 	Zent #2 
(Sr. Pedro Bustos) 	 more than 1,100 	 1,100.0 
14 	San Miguel de Venado 	 1,100 	 460.0 
15 	Sabalito de Venado 	 1,100 	 1,100.0 
16 	Pueblo Nuevo de Abangares 	 1,100 	 43.0 
18 	Terciopelo de Nicoya 	 93 	 93.0 
19 	Caimitalito de Nicoya 	 more than 1,100 	more than 1,100 
San Fernando de Santa Cruz 	 1,100 	 28.0 
La Pastora de Quepos 	 1,100 	 120.0 
Santa Domingo de Quepos 	 290 	 35.0 
Note: All tests performed in accordance with Standard Methods for the  
Examination of Water and Waste Water, 13th Edition APHA, 1971. 
on the part of rural villagers and Ministry of Health personnel to accept an 
adequate level of disinfection, all contributing factors to the poor improvement 
in the water quality of the wells. These factors have caused great concern to 
the Ministry of Health and, as pointed out earlier, the Ministry of Health is 
now making internal organizational changes to allow the hiring and training of 
qualified technicians and engineers in an attempt to correct the situation. 
Because data were needed on chemical quality of the water represented by 
the field-test sites, further sampling of the water was carried out soon after 
pump installation (the results are shown in Table 6). This sampling was per-
formed by the Ministry of Health and, with few exceptions, the characteristics 
of these waters were quite similar. 
Future Potential for AID Pump in Costa Rica  
As a result of the confidence and interest by AID/Costa Rica and Costa 
Rican Ministry of Health personnel in the AID pumps, it has been reported to 
Georgia Tech project personnel that 500 deep-well and 500 shallow-well type 
pumps will be purchased in the near future for installation in Costa Rica. 
The purchase of these 1000 pumps is out for bid to local manufacturers and 
delineates the importance of a cost effective, durable, locally manufactured 
hand pump where rural water supply programs are needed in developing 
countries. 
Table 6 
SUMMARY OF CHEMICAL ANALYSES OF WATERS -- COSTA RICAA/  
Site 

















2 San Joaquin de 
Abangares 5 285.0 256.0 150.0 150.0 150.0 170.0 0.0 0.0 24.0 <1 6.6 11.5 -4.9 
3 El Torito de 
Samara 5 196.0 163.0 112.5 0.0 112.5 120.0 0.0 0.0 38.4 <1 6.5 11.0 -4.5 
4 Hernandez de 
Santa Cruz 5 234.0 231.0 170.0 0.0 170.0 172.5 0.5 0.0 24.0 <1 7.2 11.0 -3.8 
5 Curime de Nicoya 5 267.0 223.0 100.0 47.5 147.5 100.0 0.10 0.0 19.2 <1 8.2 11.0 - 	.25 
6 Pijije de Bagaces 5 262.0 231.0 105.0 0.0 105.0 152.5 0.0 0.0 24.0 <1 6.9 11.2 -4.2 
7 La Javilla de 
Canas 5 352.0 316.0 190.0 0.0 190.0 230.0 0.0 0.0 29.0 1 6.7 11.0 -3.3 
8 Zent #1 5 166.0 166.0 104.0 16.0 120.0 104.0 0.1 0.0 29.0 1 6.4 11.9 -5.5 
9 Corina 5 210.0 172.0 160.0 7.0 167.0 160.0 0.1 0.0 25.0 <1 7.5 11.9 -4.4 
10 Bristol 5 230.0 226.0 176.0 4.0 180.0 176.0 0.0 0.1 27.0 <1 6.6 11.9 -5.3 
11 La Margarita 7 204.0 197.0 120.0 10.0 130.0 120.0 0.2 0.3 19.2 <1 6.5 11.9 -5.4 
13 Zent #2 5 172.0 171.0 69.0 26.0 95.0 69.0 0.1 0.0 19.2 <1 6.4 11.9 -5.5 
14 San Miguel de 
Venado 5 178.0 162.0 97.0 8.0 105.0 97.0 0.0 0.0 0.0 <1 6.7 11.9 -5.2 
15 Sabalito de Venado 5 180.0 171.0 49.0 35.0 84.0 49.0 0.0 0.0 4.8 <1 6.5 11.9 -5.4 
16 Pueblo Nuevo de 
Abangares 5 462.0 428.0 380.0 5.0 385.0 380.0 0.0 0.0 43.2 <1 7.1 11.7 -4.6 
17 San Francisco de 
Santa Cruz 5 214.0 196.0 150.0 2.5 152.5 150.0 0.0 0.0 28.0 <1 6.9 11.6 -4.7 
18 Terciopelo de 
Nicoya 5 412.0 411.0 350.0 5.0 355.0 350.0 0.0 0.0 29.0 <1 7.1 11.3 -4.2 
19 Caimitalito de 
Nicoya 5 261.0 252.0 180.0 0.0 180.0 180.0 0.0 0.0 24.0 <1 7.0 11.2 -4.2 
22 Zent #3 5 230.0 229.0 146.0 4.0 150.0 146.0 0.1 0.1 25.0 <1 6.6 11.8 -5.2 
WHO Limits: 
Highest 
Desirable 500.0 100.0 0.10 0.05 200.0 (b) 7.0-8.5 
Maximum 1,500.0 500.0 1.00 0.50 400.0 (b) 6.5-9.2 
J All Values mg/1 except pH. 
b/ Values above 45 mg/1 considered potentially harmful, especially to children. 
2/ Negative values indicate waters corrosive to metal. 
NICARAGUA 
Background  
Data from 1975 show that 56% of the total population of Nicaragua has 
relatively easy access to piped water supplies; however, when this figure is 
broken down into urban and rural areas, it is seen that 100% of the urban 
population has easy access to this type of water system, while only 14% of 
the rural population has easy access. Comparative figures for Costa Rica are 
72% (total), 100% (urban), and 56% (rural).
1/ 
Nicaragua was chosen as a test country because of a rural water supply 
and hand-pump program loan by AID to that country involving the installation 
of hand-operated water pumps. The loan provisions included potable water systems 
that will construct 300-340 wells by the end of 1979. The AID/Georgia Tech/ 
ICAITI program has complemented this program by providing technical assistance 
in pump selection, installation techniques, and pump maintenance, and has 
enabled the Ministry of Health in Nicaragua to take advantage of locally manu-
factured hand pumps that can be produced at a cost lower than commercially 
available pumps. This local program increases spare parts availability, 
reduces foreign exchange outflow, and stimulates local employment, as well 
as provides all other benefits of the AID pump mentioned in the introduction 
to this report. 
As in Costa Rica, program activities began in Nicaragua in January 1977. 
A local foundry was chosen to manufacture 20 AID pumps (eleven deep-well and 
nine shallow-well), which were produced and delivered to a Ministry of Health 
warehouse for storage and installation in May. Two kinds of locally available 
pumps were chosen for comparison with the AID pump: a Dempster and a Brazilian 
"Marumby" pump. A pump developed by the International Development Research 
Centre (IDRC) of Ottawa, Canada, also was used for comparison. Thirty sites, 
representative of Nicaragua, were approved to receive the test pumps (16 AID 
pumps and 14 comparative pumps), and all of the sites required extensive prep-
aratory work before pumps could be installed. Pumps were installed by a 
Ministry of Health installation team, and the wells were disinfected with a 
1/World Health Statistics Report, Water and Sanitation, Volume 29, No. 
10, published by the World Health Organization, Geneva, 1976. 
chlorine-yielding substance. As in Costa Rica, the sites had chemical and 
bacteriological testing prior to installation of test pumps and showed excessive 
amounts of intestinal bacteria. 
Field Test Sites  
Table 7 shows the sites selected for field testing in Nicaragua. All of 
the wells were in existence at the beginning of the project, and one spring, 
Site No. 10 (El Naranjo), was adapted to support a pump. The sites consisted 
of 16 shallow wells and 14 deep wells equipped with 16 AID pumps and 14 com-
parative pumps. Usage was quite high for the sites, averaging 170 persons, 
and all wells required site improvement work of some kind (well deepening, 
application of a lining to the well, slab and drainage concrete work, and 
cleaning and disinfecting of the well). Seven originally selected sites posed 
problems that necessitated a search for substitute wells. The problems 
included the striking of hard rock during excavation, wells caving in, water 
sources polluted beyond the ability to correct quickly, and villagers deciding 
that they would prefer an electric pump and storage tank to a hand-operated 
water pump (even if the villagers had to pay for the electric pump and storage 
tank). The general areas of site concentration were in the northern section 
of Nicaragua in the vicinity of Condega, Esteli, and Matagalpa (see Maps 2 and 
3). 
It was the original intent of this project to use existing wells with 
pumps that were inoperable or in a state of disrepair and to merely replace 
the broken pumps with the test pumps. However, this approach was impractical 
in Nicaragua because there were few existing hand-pump installations; therefore, 
it was necessary to deepen 24 wells, provide linings for 12 wells, construct 
slabs for 30 well structures, and disinfect all 30 wells to complete installa-
tion of the pumps. The construction improvements were provided and supervised 
by PLANSAR, an impressive unit of the Ministry of Health. 
Manufacture of AID Pumps  
Manufacturing Costs. In manufacturing the AID pumps in Nicaragua, a some-
what surprising situation was encountered -- foundries were plentiful, but 
pattern makers, a very necessary requirement for local production, were almost 
nonexistent. A foundry was located that appeared to have the resources, includ-
ing pattern makers, to manufacture a quality AID pump, and a contract was signed 
Table 7 





























1 La 	Garita (Schoolhouse) Existing Dug Deep 8.98 150 None Dempster 4/27/77 
2 Las Lajitas Existing Dug Shallow 5.85 160 None X Marumby 5/12/77 
3 La Lamilla Existing Dug Deep 15.38 100 None Dempster 5/12/77 
4 San Antonio Existing Dug Deep 10.42 100 None X Dempster 5/13/77 
5 Las Mesas Existing Dug Shallow 5.70 150 None Marumby 5/16/77 
6 Las Menges Existing Dug Deep 14.66 400 None AID-DW 6/16/77 
7 Llane Grande Existing Dug Shallow 3.97 150 None CAN-SW 5/28/77 
B San Diego Existing Dug Shallow 5.03 100 None Marumby 5/28/77 
9 Mechapa Existing Dug Deep 18.75 190 None Dempster 6/4/77 
10 El Naranjo Existing Spring Shallow 3.12 210 None AID-SW 5/28/77 
11 Isidrillo Existing Dug Deep 26.10 360 None Dempster 6/11/77 























k0 15 Los Calpules 
(Schoolhouse) Existing Dug Deep 9.45 150 None Dempster 6/22/77 
16 Paso Hondo Existing Dug Shallow 7.55 75 None Dempster 6/23/77 
17 Quebrada Arriba Existing Dug Shallow 4.73 150 None Marumby 7/21/77 
18 Las Lajas Existing Dug Shallow 6.65 90 None AID-SW 7/26/77 
19 Los Hatillos (Plaza) Existing Dug Deep 17.19 100 None AID -DW 7/26/77 
20 Los Hatillos Existing Dug Deep 17.25 100 None -- AID-DW 7/27/77 
21 Musuli Existing Dug Deep 10.16 50 Dempster Broken AID -DW 7/27/77 
22 Los Rincones Existing Dug Deep 9.46 150 Dempster Broken AID-DW 7/28/77 
23 Santa Rosa Existing Dug Deep 17.60 656 Dempster Broken X AID -DW 7/29/77 
24 El Jocote Existing Dug Deep 15.00 150 None -- AID -DW 7/28/77 
25 Mechapa - La Conception Existing Dug Shallow 2.95 54 None AID-SW 7/29/77 
26 Licoroy Existing Dug Shallow 5.00 50 None AID-SW 7/30/77 
27 Tomabu Existing Dug Shallow 2.50 250 None AID-SW 7/29/77 
28 El Espinal #1 Existing Dug Shallow 3.50 360 None X AID-SW 7/30/77 
29 El Espinal #2 Existing Dug Shallow 5.95 300 None X AID-SW 
7/30/77 
30 Sabana Grande Existing Dug Shallow 2.80 75 None 
Marumby 8/9/77 
Note: AID-DW: AID pump for deep well; AID-SW: AID pump for shallow well; Dempster: Dempster deep-well type pump; Marumby: Brazilian shallow-
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NICARAGUAN TEST SITE AREAS 
Sites in Nicaragua are concentrated in the northern 
part of the country, near Condega (not shown on this 
map), Esteli, and Matagalpa. 
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COMUNI DA DES AT ENDIDAS POR PROGRAM AS 
DE SANE AMIENTO AMBIENTAL RURAL 
PLANSAR 
Map 3 
NICARAGUAN TEST SITE AREAS 
on January 22, 1977, between Georgia Tech and Complejo Metalurgico Especializado, 
S.A. (Cometales) for the manufacture of eleven deep-well pumps and nine shallow-
well pumps. The prices of the pumps, for an order of 20, were as follows: 
Shallow-well 	 $ 69 (each) 
Deep-well $ 75 (each) 
Patterns 	 $1,000 (one-time charge only) 
Based on the manufacturer's experiences with the first production run of the 
pumps, the following prices have been formally quoted for future orders, and 
are presented graphically in Figure 7. 
Shallow-Well 
Quantity 	($ Price/Unit) 
Deep-Well 
($ Price/Unit) 
20 150 150 
50 100 150 
100 98 147 
200 95 142 
500 90 135 
1000 85 127 
As was the case in Costa Rica, an order for only 20 pumps offered no 
significant economies of scale, and start-up costs were higher than originally 
expected because the manufacturer was totally unfamiliar with the working com-
ponents of water pumps. The manufacturer encountered many unforeseen problems 
that increased his costs, such as the inability to cast the deep-well pump cap 
as specified and to-obtain correctly sized PVC (3-inch inside diameter) for the 
deep-well cylinder, as well as a severe drought that struck Nicaragua which 
restricted the supply of hydroelectric power to the point that the manufacturer 
was allowed only four hours per day of electricity to run his plant. As a 
result of the manufacturer's experiences with the first production run of the 
AID pump, much higher price quotes have been submitted to the Ministry of 
Health for future orders. It is felt that the increased prices are over-
inflated and, considering the weight of the AID pump (approximately 75 lbs.) 
versus a general foundry pricing guideline for Central America of between one 
and two dollars per pound (depending on complexity of the product), a more 
realistic pricing structure would allow the AID pump (both shallow-well and 
deep-well) to be manufactured and sold for less than $100 with reasonable 
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Manufacturing Specifications. AID pumps in Nicaragua also were manufactured 
according to AID-approved Battelle drawings with the following modifications: 
1. The plunger rod was made from 1/2-inch diameter rod, rather than 
7/16-inch stock. The pump rod nut, the rod end, and the plunger assembly also 
were changed to accommodate the 1/2-inch plunger rod. 
2. The handle pivot pins were hardened to 40 Rc , and steel bushings 
(60-64 Rc ) were inserted in the pump handle holes. 
3. For the shallow-well pump, the 3-inch support pipe was internally 
coated with epoxy for a smoother-surfaced cylinder finish. A bolted pump cap 
was chosen in preference to a pin-mounted pump cap. 
4. For the deep-well pump, a bolted pump cap also was chosen in preference 
to a pin-mounted pump cap. 
The AID pump manufacturer in Nicaragua had a complete, integrated foundry 
and machine shop with trained metallurgists in the day-to-day management of 
the facilities for the casting process, a quality control ingredient that is 
not normally expected to be found in developing countries. While it appears 
that the AID pump is adaptable to local manufacture in Nicaragua, the require-
ment of available casting facilities will restrict the use of the pump in some 
developing countries. 
Comparative Pumps  
Two pumps that were locally available to the people of Nicaragua were 
chosen for comparison with the AID pump. These pumps were the Dempster (for 
shallow or deep wells) and a Brazilian "Marumby" pump (for shallow wells only). 
A pump developed by IDRC (for shallow or deep wells) also was used for compari-
son purposes (see Figure 8). The Dempster is designed for heavy-duty use in 
both shallow and deep wells, has either a brass-lined or PVC cylinder, is made 
of cast iron, and has a very good worldwide reputation, as pointed out earlier. 
The Brazilian pump (see Figure 9) uses a 1 1/4-inch drop pipe (as do the Demp-
ster and AID pumps) and has a cylinder of smooth cast iron with an internal 
diameter of slightly over three inches (3.1"). The pump developed by IDRC uses 
a 3-inch diameter PVC drop pipe that is unique in that it also serves as the 
cylinder for the piston assembly (which can be inserted into or withdrawn from 
the cylinder while the cylinder and drop pipe are attached to the pump that is 
secured to the well's upper structure). 
Figure 8 
THE IDRC PUMP 
The above photo is of the IDRC-developed pump that was installed at 
Llano Grande (Site No.7), in Nicaragua. The pump is made of indigenous 
materials (wood, galvanized iron pipe, and PVC pipe) and represents a 
design that simplifies hand pumps mechanically by substituting plastic 
pipe for traditional steel and cast iron. The casing is three-inch 
PVC pipe that serves as the drop pipe and the cylinder housing the 
piston assembly (this allows the piston and check valve to be brought 
up for inspection by pulling up the plunger rod without disassembling 
the drop pipe). Both piston and check valve are made of the same inter-
changeable components: perforated plastic discs with flapper valves 
covering the holes. The pump handle is made of standard galvanized 
iron pipe and the pivot points use oil-impregnated wooden bearings. 
6 
24 40 42 
BOMBA . SIMPLES 
(MCA DE JARRO) 
Tipo B.11 
Para cano de 1 1/4" corn pistao de ferro 	Cr$ 	  
ESPECIFICACOES: 
Succao cano de 	(Suction tube) 





Peca n.° 	1 	- Prato 	(Plate) 
2 - Corpo (Body) 
4 - Alavanca (Handle) 
6 - Anel suporte alavanca 	(Support ring) 
9 - Corpo do pistao (Piston body) 
Diornetro interno do cilindro 	(ID of 
cylinder) 
80 mm. 10 - Porca do pistao 	(Piston nut) 
Rendimentos em 55 movimentos 11 	- Valvula do pistao 	(Piston valve) 
do pistao por minuto (Flowrate/min.) 22 L. 13 - Haste do pistao 	(Piston rod) 
Succdo ate 	(Suction depth) 7 m. 24 - Peso da volvula (Valve weight) 
Peso liquid° (Weight of liquid) 13 kg. 40 - Mango de couro (Leather sleeve) 
42 - Valvula de couro p/ prato 
Figure 9 
	
(Leather valve for plate) 
MARUMBY (BRAZILIAN) PUMP 
In addition to the above-mentioned comparative pumps, six U.S.-manufactured 
Robbins and Myers "Moyno" hand pumps were purchased and installed in Nicaragua 
during July 1978. The "Moyno" rotary, rotor and stator, positive-displacement 
pump has been developed just recently and shows considerable potential for use 
in rural developing countries. The "Moyno" pump is advertised as a positive-
displacement, steady-flow, self-priming, simple-design, abrasion-resistant, 
and energy-efficient pump that requires minimal maintenance and has many com-
ponents that could be locally manufactured in a developing country. (See 
following pages for "Moyno" brochure information in more detail.) 
The "Moyno" pumps installed in Nicaragua were installed in deep wells of 
between 40 and 70 feet with usage by between 300-500 villagers. The cost of 
the six pumps was $400 each, plus packing and shipping, for an average total 
unit cost of $470. Specific locations of the installed pumps were as follows: 
1. Santa Teresa 
2. Laguna de Los Hernandez 
3. Valle de Santa Rosa 
4. El Quebracho 
5. Las Delicias 
6. Los Pozos 
Unfortunately, because of serious civil disorder that began during the 
latter months of this project and is still continuing in Nicaragua, project 
personnel were unable to install, inspect, or monitor these pumps, and thus, 
only limited information is available. It is known that the pumps were instal-
led and initially performed well. However, in recent telephone calls to the 
Ministry of Health, it has been learned that five of the six "Moyno" pumps are 
inoperative. In one of the five cases, the villagers had operated the pump 
handle in a counterclockwise direction, which had loosened the rotor and 
stator from the plunger rod. In the other four cases, Ministry of Health 
personnel reported that the pumps had been "incorrectly installed," but did 
not give details as to what had been incorrectly done. Robbins and Myers 
states that the plunger rod and drop pipe must be of equal lengths, and this 
could possibly be the incorrect installation procedure to which they refer. 
The Dempster pump used in the field test cost approximately $257 in Central 
America, the Brazilian "Marumby" approximately $45, and the IDRC pump about 
$70 (this estimated $70 cost was for comparison only and can vary widely, 
Figure 10 
THE MOYNO PUMP -.0 
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Figure 10 (continued) 
Minimum maintenance, 
maximum life per unit of cost 
The Robbins & Myers hand 
pump design eliminates the 
trouble spots found in most 
conventional hand pumps: 




No Pin Bushings 
No Cup Seals 
No Cylinder Valves 
Ideally suited for dense 
population areas where a 
single pump must serve the 
needs of many people, or for 
rural schools and clinics, 
where dependability is a 
must. 
Not a modified farmyard 
pump, but a pump designed 
from the well strainer up to 
meet today's requirements for 
high performance, year-in-
year-out dependability, long 
life, and low maintenance. 
For wells up to 300' (90m) 
deep! 
Advantages of the Progressing Cavity 
Pump Principle 
Positive displacement 
The progressing cavity pump incor-
porates a screw-like, single helix 
rotor turning within a double helix 
stator. This pumping principle gives 
positive displacement, with the head 
developed independent of the speed, 
and capacity approximately 
proportional to the speed. 
Steady flow 
Progressing cavity pumps provide 
steady, non-pulsating flows. There is 
no wasted motion ... every turn of the 
handles delivers water. 
Self priming 
Progressing cavity pumps are 
self priming. Pumping action starts 
the instant the pump starts. 
Simplicity of design 
There is only one moving part in the 
pump elements and that is the rotor. 
There are no valves, valve seats, or 
cup seals to wear out. 
Abrasion resistant 
The resilient stator material allows 
passage of abrasive sand or silt 
particles without damage to the 
pumping elements. 
Energy efficient 
Utilizing the mechanical advantage of 
the screw-like rotor, very little effort is 
required to operate the Robbins & 




Figure 10 (continued) 
Designed for 
long life 
Pump stand fabricated from heavy 
steel plate and pipe. Will not crack or 
break during shipping or installation. 
Will withstand severe abuse in the 
most rugged operating conditions. • 
Heavy duty gearbox incorporates a 
right angle gear arrangement in a 
rugged housing. Gears are machined 
and hardened steel, mounted on high 
strength steel shafts. Tapered roller 
bearings provide precise gear align-
ment and long life. Sealed housing 
along with double lip seals on both 
handle and output shafts prevents 
lubricant leaking. 
IN
Rugged steel handle arms are keyed 
attached to handle arms. 
7/8" diameter handles permanently 
and bolted to the handle shaft. 
V  
14 	Special socket head bolts used 
throughout to minimize vandalism 
\ 	or pilferage. 
Pumping elements designed to pro-
vide years of trouble free operation. 
The rotor is machined from alloy steel 
and plated for additional abrasion 
resistance and longer life; the stator 
utilizes a special low water swell 
elastomer, permanently bonded to a 
steel tube. 
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Figure 10 (continued) 
Sanitary design; 
easy installation 
Tubular stand column fits over well 
casing extension (4" and smaller 
wells) to prevent sullage water from 
entering the well. 
Pump stand completely sealed to 
prevent external contamination of 
the well. 
Long, angled discharge spout 
prevents possibility of sticks and 
stones being dropped or forced into 
the well by mischievous children. 
No stuffing box leakage since there is 
no stuffing box. 
Dual sealing by means of a lip seal 
and a rotary seal on the drive shaft 
prevents lubricant leakage into the 
water supply. 
Designed for ease of installation ... 
While unique in principle and design, 
the Robbins and Myers hand pump is 
simple to install. As with most other 
types of pumps, the pump cylinder and 
appropriate lengths of drop pipe and 
pump rod are lowered into the well 
and then fastened to the discharge 
housing and drive shaft. 
Installed with conventional hand tools 
When drop pipe and pump rod are 
furnished by Robbins and Myers, no 
field cutting and threading are 
required. 
Designed for 
low "Total Life Cycle" cost 
One of the most common mistakes in 
hand pump programs throughout the 
world has been the use of "initial 
price" as the basic criteria in hand 
pump selection. This "least cost 
technology" approach has led to 
failure rates of 30-80% and has 
defeated the goal of providing reliable 
sources of clean water. 
A more realistic cost effective 
approach is "Total Life Cycle" cost, 
which takes into account not only 
initial price but the replacement part 
and maintenance costs over a 20 or 30 
year period. This is the only method of 
determining the true cost of providing 
a dependable source of clean water. 
While the "initial price" of a Robbins 
& Myers hand pump is higher than 
many pumps, long component life and 
maintenance-free de: .g make it one 
of the most economical pumps on the 
market today from a "total life cycle" 
cost standpoint. 
With the cost of the pump one of the 
lower costs in providing a village 
water system, it's worth spending a 
little more initially to assure year-in-
year-out dependability and long life. 






Figure 10 (continued) 
Specifications 
Pump Type 
Progressing cavity (helical rotor); 
crank operated. Can be used as lift 
pump or force pump without 
modification. 
Models 
1V2.6 Single stage pumping elements 
For depths to 150' (45m) 
2V2.6 Two stage pumping elements 
For depths to 300' (90m) 
Well Diameters 
Suitable for use in 3" (7.5cm) diameter 
and larger well casings. 
Weight 
Pump Stand and Drive Assembly-
114 lb. (52kg) 
Pump cylinder- 
Model 1V2.6-431b. (20kg) 
Model 2V2,6-55 lb. (25kg) 
10' Well Extension Assembly-23 lb. 
(10.4kg) 
Height 
40" (100cm) from base to handle 
centerline. 
Turning force required on each 
handle: 
Model 1 V2.6-8 lb. (3.6kg) average 
Model 2V2.6-12 lb. (5.4kg) average 
Well extensions 
Drop pipe, 1" diameter galvanized 
pipe. Pump is easily modified to 
accept drop pipe of larger diameter. 




Delivery Head—Feet of Water 
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Robbins & Myers 
Fluids Handling Products 
 
Robbins and Myers Hand Pumps are 
built to the same rigid manufacturing 
standards and under the same quality 
control procedures as pumps supplied 
to the chemical, food, waste treat-
ment, and petroleum industries. 
Over 40 years experience in supplying 
engineered products to industry 
stands behind every Robbins and 
Myers Hand Pump. 
The Robbins & Myers Hand Pump can 
be converted to alternate power 
sources such as electric motors and 
gasoline engines. Please consult the 
factory for recommended conversions. 
Pumps and Components 
manufactured in ... 
Springfield, Ohio U.S.A. 
Columbia, South Carolina U.S.A. 
B rantford, Ontario, Canada 
Robbins & Myers, Inc. 
Springfield, Ohio 45501 
U.S.A. 
Phone: (513) 327-3553 
The Robbins & Myers Co. of Canada 
Ltd. 
B rantford, Ontario N3T 5N6 
Canada 
Phone: (519) 752-5447 
40" (1016) 	 42M6" (1077.9) 
L.1:9" (228.6).1 12" (304.8) 
1V2.6 88 1 M6" (2210) 
2V2.6 100 5/8" (2510) 
Bulletin 678 Litho in U.S.A. 
2M-PS-878 –53– 
depending on the materials and the pricing systems used by the fabricating shop). 
It is interesting, at this point, to recap all pumps included in the field 
testing of the AID pump, noting, as explained earlier, that price estimates for 
the manufacture of the AID pump vary greatly from country to country as well 
as from manufacturer to manufacturer within the same country. 
Costa 
Rica Nicaragua  
  
1. AID Shallow-Well (for shallow wells only) 	 $ 98 	$ 69 
2. Japanese "Lucky" (for shallow wells only) 63 
3. Brazilian "Marumby" (for shallow wells only) 	 45 
4. AID Deep-Well (for deep and shallow wells) 128 	 75 
5. Dempster (for deep and shallow wells) 	 257 257 
6. IDRC PVC Cylinder (for deep and shallow 
wells) 	 70 
7. Robbins and Myers "Moyno" (for deep and 
shallow wells) 	 470 
Another approach to analyzing the relative costs of the field-test pumps 
was to consider the total estimated material cost of installing each pump com-
plete with drop pipe (average price @ $.70 per foot), plunger rod (average price 
@ $.71 per foot), drop pipe connectors (average price @ $.91 each), and plunger 
rod connectors (average price @ $1.06 each) at various depths. The Brazilian 
"Marumby" shallow-well pump extended to $63 for a 25-foot well. The Japanese 
"Lucky" shallow-well pump, when installed in a 25-foot well, cost $81. The 
AID shallow-well pump, installed at 25 feet, cost $87 in Nicaragua and $116 in 
Costa Rica. The Dempster pump for shallow or deep wells is a very good pump, 
but is expensive at $294 for a 25-foot well. The IDRC pump for shallow or deep 
wells was competitive in cost with the AID pumps used for deep wells (or shal-
low wells, if so desired). However, the cost data on the IDRC pump for this 
report are based on only one pump and do not give enough information for 
reliable conclusions. The "Moyno" pump is also expensive, ranging from a 
material installation cost of $515 (25-foot well) to $830 (200-foot well). 
25 	50 	75 	100 	150 	200 
ft. ft. ft. ft. ft. ft. 
AID Shallow-Well (C.R.)* 	 $116 	$ -- 	$ -- 	$ -- 	$ -- 	$ -- 
AID Shallow-Well (Nic.)* 87 
Japanese "Lucky"* 	 81 
Brazilian "Marumby"* 63 
AID Deep-Well (C.R.) 135 172 210 251 324 398 
AID Deep-Well (Nic.) 106 143 181 222 295 369 
Dempster 294 331 369 410 483 557 
IDRC (three-inch PVC cylinder)** 123 167 212 254 355 452 
Robbins and Myers "Moyno" 515 560 605 650 740 830 
*Cannot be used for depths of more than 25 ft. 
**PVC priced @ $1.20 per foot. 
Monitoring System  
In Costa Rica, designated, responsible individuals in each test community 
were provided with simple, printed report forms designed to provide information 
covering community usage, pump physical condition, and functioning problems, 
if any. These forms were filled out every 15 days and mailed to an AID engi-
neer in San Jose for analysis, who then reproduced them and turned the copies 
over to Ministry of Health representatives. If any of the returned forms indi-
cated that repairs were necessary, a maintenance team was dispatched to correct 
the problems. 
The monitoring system in Nicaragua was similar to that in Costa Rica, 
except that all pumps were inspected every 15 days by Ministry of Health engi-
neers who were permanently stationed in the field and were responsible for 
the completion of the report forms as well as initiating any necessary repairs. 
Information included in the report forms was reviewed periodically by ICAITI 
and recorded on pump performance charts. All Nicaraguan test sites also were 
inspected by Georgia Tech and/or ICAITI approximately 10 times during the 
12-month monitoring period. 
Pump Performance  
The Nicaraguan-manufactured AID pumps have been well received by the 
people installing, operating, and maintaining them. Because of confidence 
that the Ministry of Health has in the future potential of the AID pumps, an 
additional 100 have been ordered by the Ministry from the manufacturer for 
installation. 
Two major maintenance problems with the AID pump (see Table 8) became 
apparent when installation of the pumps began. The most critical problem was 
that the deep-well pump cap's weakest point was where maximum stress was being 
applied by the handle fulcrum upon the pivot arm of the cap, causing the 
pivot arm to break off from the cap. This problem was partly the fault of 
the design and partly the fault of the manufacturer. Because of an indented 
contour of the top plate of the pump body, it was not possible to cast the 
pump body as specified by the drawings (the patterns for the pump could not 
be removed from the molding sand without destroying the mold). Therefore, 
the manufacturer eliminated the indented contour of the top plate of the pump 
and then did not have enough clearance between the pivot arm of the cap and 
the top of the pump body. In order to obtain a better fit between the pump 
cap and the pump body, the manufacturer milled away a fillet on the pivot arm, 
thereby leaving a notch at the point of maximum stress. To alleviate the 
entire problem, the pump cap was redesigned by lifting the pivot arm up and 
away from the pump body and positioning it so that it does not absorb so much 
of the stress caused by the downward force of the pump handle (the fulcrum 
handle also had to be shortened). (See Figures 11 and 12.) The redesigned 
cap was put into production at the manufacturer's foundry, installed on the 
pumps in the field, and has presented no additional problems. 
The second major maintenance problem encountered with the AID pump in 
Nicaragua evolved when the manufacturer could not find 3-inch inside diameter 
PVC pipe for the deep-well cylinders. As a result, the manufacturer used 
3-inch outside diameter PVC pipe and expanded it, by heating, to a 3-inch 
inside diameter. Quality control for such an approach was most difficult, 
and the results were unacceptable. While several of these PVC cylinders were 
installed in the field, it was decided that metal cylinders coated internally 
with epoxy (a Battelle option) would have to be used until the correct size 
PVC could be made available locally or imported from another country. In 
July (1978) the correct size PVC pipe was obtained from a local manufacturer 
and cylinders were produced according to specifications to be used for future 
pump installations. 
Table 8 
FIELD TEST PUMP MAINTENANCE - NICARAGUA 
Site 	 Corrective Maintenance 
	
No. Location 	 During Test Period  
A. AID DEEP-WELL PUMP WITH METAL CYLINDER 
6 	Las Mangas 	 Battelle design cap broken -- replaced with 
modified version 
1 cup change (excessive wear) 
Cylinder replaced (excessive cup wear) 
19 	Los Hatillos 	1 cup change (excessive wear) 
Cylinder replaced (excessive cup wear) 
20 	Los Hatillos 	Battelle design cap broken -- replaced with 
modified version 
1 cup change (excessive wear) 
Cylinder replaced (excessive cup wear) 
22 	Los Rincones 	Battelle design cap broken -- replaced with 
modified version 
1 cup change (excessive wear) 
Cylinder replaced (excessive cup wear) 
23 	Santa Rosa 	 4 cup changes (excessive wear) 
24 	El Jocote 	 3 cup changes (excessive wear) 
B. DEMPSTER DEEP-WELL PUMP -- BRASS CYLINDER 
1 	La Garita 	 NONE 
3 	La Lamilla 	 NONE 
4 	San Antonio 	 Worn-out pin connecting handle to plunger rod 
9 	Mechapa 	 NONE 
11 	Isidrillo 	 Broken piston rod union 
13 	El Rodeo 	 NONE 
15 	Los Calpules 	NONE 
16 	Paso Hondo 	 NONE 
C. AID SHALLOW-WELL PUMP WITH METAL CYLINDER 
10 	El Naranjo 	 1 cup change (excessive wear) 
12 	La Concepcion 	Pump cap replaced (broken -- casting defect) 
3 cup changes (excessive wear) 
14 	Los Calpules 	Pump cap replaced (broken -- casting defect) 
5 cup changes (excessive wear) 
18 	Las Lajas 	 1 cup change (excessive wear) 
26 	Licoroy Handle replaced (broken -- casting defect) 
Table 8(continued) 
Site 	 Corrective Maintenance 
	
No. Location 	 During Test Period  
27 	Tomabu 	 Pump cap replaced (broken -- casting defect) 
28 	El Espinal 	 2 cup changes (excessive wear) 
29 	El Espinal 	 Pump cap replaced (broken -- casting defect) 
D. "MARUMBY" SHALLOW-WELL PUMP -- HONED METAL CYLINDER 
2 	Las Lajitas 	 1 cup change (excessive wear) 
5 	Las Mesas 	 Cap replaced (broken) 
8 	San Diego 	 1 cup change (excessive wear) 
17 	Quebrada Arriba 	Pump cap replaced (broken) 
1 cup change (excessive wear) 
30 	Sabana Grande 	 Pump cap replaced (broken) 
1 cup change (excessive wear) 
E. IDRC EXPERIMENTAL PUMP 
7 	Llano Grande 	 NONE -- foot valve has tendency to stick and 
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Excessive wearing of leather cups has also presented problems for the AID 
pump in Nicaragua principally because of insufficiently smooth cylinders and 
oversized cups. Battelle drawings specify a 3-inch diameter leather cup for a 
3-inch cylinder, which would be satisfactory if leather did not expand when 
wet. To allow for expansion, the dry cups should have been made approximately 
1/16-inch undersized. A replacement order for the original oversized cups 
was filled by the pump manufacturer, and the wearing of these new cups has been 
considerably less due to the use of a blanking tool that improves the quality 
controls of the manufacturer. The blanking tool has proven to be very bene-
ficial and is being modified to resemble a method suggested by Dr. Eugene 
McJunkin in a recent publication: 
For "mass production," wooden forms can be used. To make the forms, 
use wooden boards about 3/4-inch (approx. 19mm) in thickness, having 
holes of the same diameter as the pump cylinders, and nailed to a 
stiff backboard. Cylindrical blocks, 3/8-inch (approx. 9.54mm) less 
in diameter, are bolted concentrically within the circular openings. 
The bolts should be long enough so that . . . wet and pliable lea- 
ther, laid over the holes, can be drawn down by the bolts and blocks, 
forcing the leathers into position . . . let dry, remove and trim 
the wrinkled edge with a sharp knife (including the center hole), 
soak for 12 hours in a edible oil (preferably neat's-foot), wax, 
and lightly apply graphite grease to the wearing surface.•/ 
The Brazilian "Marumby" pump presented major problems. The weakest point 
of the pump appeared to be where the handle and the pump cap are connected. 
In three of the five pumps tested, the pump cap had to be replaced due to 
breakage at this point. Spare parts were also difficult to find for this pump, 
and the local distributor did not carry a large inventory of extra pumps for 
replacement purposes -- a factor that enhances the argument for locally manu-
facturing pumps so that spare parts can be made readily available. 
The Dempster pumps in Nicaragua, as in Costa Rica, have had no major 
problems. The IDRC pump has performed relatively well, but has had some dif-
ficulty with its foot valve sticking in the open position (allowing the pump 
to lose its prime). 
1/F. Eugene McJunkin, Handpumps for Use in Drinking Water Supplies in  
Developing Countries (The Hague, Netherlands: International Reference Center 
for Community Water Supply, 1977), p. 196. 
Attempts also were made in Nicaragua to correlate the different well 
depths and the number of people using the wells with the amount of total stress 
exerted on the pumps. A direct correlation was made between actual force on 
the pump and the depth of the wells when the distance to the water level was 
taken into account. This was especially true when comparing the depth and 
forces of a particular pump (i.e., the Dempster). As in Costa Rica, friction 
obviously plays a tremendous role on the performance of the pumps (see Table 
9). 
In Nicaragua, water meters were installed in five sites to check the 
validity of usage estimates in a manner similar to that used in Costa Rica. 
Results indicated an average per capita consumption of approximately two gallons 
per person per day. This figure is almost twice as great as the per capita 
consumption determined for Costa Rica, probably due to the higher incidence of 
true community well sites in Nicaragua as opposed to the schoolhouse sites in 
Costa Rica. As was the case in Costa Rica, maintenance problems occurred ran-
domly, and no correlation could be established between usage and corrective 
maintenance requirements. 
Water Quality -- Bacteriological and Chemical  
The results of chemical analyses of 19 potential sites prior to pump 
installation are given in Table 10. For comparison, the limits established by 
the World Health Organization are also included.'" An examination of the bac-
teriological data (Table 11) shows that all sites were significantly contami-
nated with common intestinal bacteria prior to pump installation. Salmonella 
was initially reported at Los Laureles, and this point was rechecked and found 
to be negative. 
Because of the high level of bacteria found in the water in Nicaragua, 
all sites were to be analyzed further during the latter part of the project. 
This was to be done to provide more insight into whether or not contamination 
was being sealed off from the water by the preparation of the wells and the 
installation of the pumps. However, as reported earlier, Nicaraguan civil 
disorder during the latter part of 1978 prohibited such analysis. 
1/
International Standards for Drinking Water, Third Edition, published by 
the World Health Organization, Geneva, 1971. 
Table 9 
FORCE EXERTED ON FIELD-TEST PUMPS (NICARAGUA) 
AS A FUNCTION OF WELL DEPTH 
Depth Site 
No. 





Pump Newtons lb Newtons lbw 
2.5 27 77.4 17.4 50.3 11.3 1.5 AID-SW 
2.8 30 298.9 67.2 37.8 8.5 7.9 Marumby 
2.9 12 129.0 29.0 45.4 10.2 2.8 AID-SW 
3.1 10 129.0 29.0 54.3 12.2 2.4 AID-SW 
3.5 28 258.0 58.0 51.6 11.6 5.0 AID-SW 
3.8 14 129.0 29.0 57.4 12.9 2.2 AID-SW 
4.7 17 199.3 44.8 48.9 11.0 4.1 Marumby 
5.0 8 124.6 28.0 51.2 11.5 2.4 Marumby 
5.0 26 77.4 17.4 66.7 15.0 1.2 AID-SW 
6.0 29 311.4 70.0 74.7 16.8 4.2 AID-SW 
6.7 18 206.4 46.4 64.1 14.4 3.2 AID-SW 
6.9 2 154.8 34.8 144.6 32.5 1.1 AID-DW 
7.6 16 587.2 132.0 148.1 33.3 4.0 Dempster 
9.0 1 667.2 150.0 184.6 41.5 3.6 Dempster 
9.5 15 667.2 150.0 187.7 42.2 3.6 Dempster 
9.5 22 1083.6 243.6 181.5 40.8 6.0 AID-DW 
10.2 21 645.0 145.0 188.2 42.3 3.4 AID-DW 
10.4 4 693.9 156.0 205.5 46.2 3.4 Dempster 
14.7 6 516.0 116.0 216.2 48.6 2.4 AID-DW 
15.0 24 722.4 162.4 268.2 60.3 2.7 AID-DW 
15.4 3 907.4 204.0 274.0 61.6 3.3 Dempster 
17.1 13 800.7 180.0 288.2 64.8 2.8 Dempster 
17.2 19 645.0 145.0 298.5 67.1 2.2 AID-DW 
17.3 20 1057.8 237.8 309.6 69.6 3.4 AID-DW 
18.8 9 1494.6 336.0 341.2 76.7 4.4 Dempster 
26.1 11 1494.6 336.0 461.7 103.8 3.2 Dempster 
*Note: Ratio of Actual Force to Theoretical Force. 
+Theoretical force is related to the distance to the water level as well as the 
depth (the latter for only deep wells). For this reason, theoretical force 
in many cases is not directly proportional to well depth. 
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Table 10 
SUMMARY OF WATER CHEMICAL ANALYSES (a) -- NICARAGUA 
(BEFORE PUMP INSTALLATION) 
Site 























1 La Garita 7.0 350 26 218 0.07 0.05 70.0 3.76 0.30 22.5 2.0 
2 Las Lajitas 7.5 200 190 225 0.02 0.40 50.0 4.43 0.35 5.0 2.0 
4 San Antonio 7.9 240 270 404 0.01 0.00 68.0 2.65 0.50 19.5 11.0 
6 Las Mangas 6.4 100 100 38 0.02 0.00 20.0 2.21 0.50 15.0 2.0 
7 Llano Grande 6.4 200 120 161 0.07 0.00 30.0 9.96 0.70 12.5 3.0 
8 San Diego 7.6 260 290 398 0.10 0.00 56.1 2.35 0.40 25.0 15.0 
9 Mechapa 7.7 325 30 330 0.06 0.00 80.0 13.10 0.40 12.5 8.0 
































15 Los Calpules 
(School) 7.9 210 200 237 0.01 0.00 50.0 5.10 0.60 12.5 4.0 
17 Quebrada Arriba 7.5 180 280 360 0.10 0.28 44.1 1.76 0.20 15.0 8.3 
22 Los Rincones 8.1 70 445 608 0.01 0.00 20.0 16.60 0.25 20.0 20.0 
Los Rastrojos 7.6 840 260 1,600 0.27 0.58 292.0 0.66 1.62 20.0 67.5 
Santa Teresa 8.1 240 265 383 0.01 0.00 62.0 9.52 0.35 15.5 11.0 
Los Laureles 7.7 250 265 340 0.01 0.00 64.0 6.42 0.60 15.0 6.0 
Rio Grande 8.0 190 250 336 0.25 0.28 52.1 4.80 0.20 25.0 10.5 
Motolin 8.2 240 250 298 0.05 0.00 62.0 22.40 0.65 14.0 4.0 
WHO limits: 
Highest desirable 7.0-8.5 100 500 0.10 0.05 75.0 (b) (c) 200.0 
200.0 
Maximum permissible 6.5-9.2 500 1,500 1.00 0.50 200.0 (b) (c) 600.0 
400.0 
(a) All values mg/1 except pH. 
(b) Values above 45 mg/1 considered potentially harmful, especially to children. 




SUMMARY OF BACTERIOLOGICAL ANALYSIS -- NICARAGUA 
(BEFORE PUMP INSTALLATION) 
Coliforms 	Salmonella 	Shigella 
per 100 ml Presence Presence Comments 
1 La Garita 2.4 Negative Negative Positive Enterobacter 
2 Las Lajitas 150.0 Negative Negative Positive Enterobacter 
3 La Lamina 350.0 Negative Negative Positive Escherichia coli 
4 San Antonio 120.0 Negative Negative Positive Escherichia coli 
7 Llano Grande 430.0 Negative Negative Positive Enterobacter and Citrobacter 
9 Mechapa 1,100.0 Negative Negative Positive Proteus and Citrobacter 




11 Isidrillo 1,100.0 Negative Negative None 
Ln 
I 13 El Rodeo 540.0 Negative Negative Positive Escherichia coli 
14 Los Calpules (stream) 23.0 Negative Negative Positive Escherichia coli 
15 Los Calpules (school) 920.0 Negative Negative None 
22 Los Rincones 54.0 Negative Negative Positive Pseudomonas 
Rio Abajo 
(Santa Teresa) 24.0 Negative Negative Positive Enterobacter 
*Rio Abajo 
(Los Laureles) 64.0 Positive Negative 
Positive Salmonella sp, Enterobacter, 
and Citrobacter 
*Rio Abajo 
(Los Laureles) 350.0 Negative Negative Positive Escherichia coli 
La Majadita 64.0 Negative Negative Positive Escherichia coli 
* This site (Los Laureles) was retested because of earlier findings of positive Salmonella. (Note: all tests performed in accor-
dance with Standard Methods for the Examination of Water and Waste Water, 13th Edition AMA, 1971.) 

INSTALLATION OF AID PUMPS 
Installation of the AID shallow-well and deep-well hand pump is very 
similar to that of most reciprocating, single-action, positive-displacement 
shallow-well or deep-well hand pumps (for example, the Dempster, the Brazilian 
"Marumby," the Japanese "Lucky," and the IDRC pumps used in this program for 
comparative purposes). A three-man team that has installed a traditional, com-
mercially available pump would most likely not have significant problems in the 
installation of the AID pump. Further, a three-man team that has never before 
installed a hand pump should become fairly proficient enough after installing 
five to ten AID pumps to install the AID pump in four hours, provided it has 
basic tools and expertise in cutting and threading pipe. 
The AID shallow-well pump is installed by merely inserting 1 1/4-inch 
drop pipe into the well platform opening, attaching the threaded drop pipe 
to the base of the pump, and then securing the pump to the well platform. The 
length of the required drop pipe is determined by measuring the depth of the 
well with a weight and string from the well platform, allowing approximately 
two feet for mud at the bottom of the well if it is new or one foot if it is 
an older well where the mud has settled. 
The AID deep-well pump is somewhat more difficult to install. The 
following steps are necessary: 
1. Determine the length of required drop pipe by measuring the depth of 
the well from the well platform, allowing for the length of the cylinder 
which must be connected to the drop pipe and approximately two feet at the 
bottom for a new well or one foot for an older well. 
2. Attach a six-inch section of drop pipe to the bottom portion of the 
cylinder. 
3. Attach a full length of plunger rod to the plunger assembly inside 
the cylinder and replace the cylinder cap; then attach a full length of drop 
pipe to the cylinder. 
4. Alternate the attaching of full-length plunger rod and drop pipe until 
the required length of drop pipe is secured (pay no attention to the length of 
the plunger rod). 
5. Shove plunger rod entirely up through pump body, adding additional 
plunger rod if necessary, and attach the drop pipe to the pump stand. 
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6. With the plunger assembly resting at the bottom of the cylinder, there 
should be approximately three inches of plunger rod left sticking up through 
the pump cap to be threaded and attached to the pump cap. 
7. Secure the pump stand to the well platform. 
In regard to maintenance and repair, any water system, including one using 
hand pumps, must include a field maintenance support system, for no pump can 
last indefinitely without proper maintenance. Project personnel have seen 
numerous examples where good pumps are in excellent condition after many years 
(up to 10 years or more) of hard usage if minimally maintained, yet the same 
make and model pump can also be seen to be completely worn out in less than one 
year and unsalvageable if not properly taken care of. There is no such thing  
as a maintenance-free pump. 
This field maintenance support system requires the training of technicians 
at a fairly sophisticated level where regional or centralized maintenance 
teams with adequate logistics, personnel, and budgets can support a hand-pump 
program. Training also is needed at a lower level of expertise to enable 
local villagers to handle simple, but important, tasks such as lubricating 
pumps on a weekly basis, repairing concrete well structures as necessary, 
painting exposed pump parts to prevent rust, and reporting to the regional or 
centralized maintenance teams if major problems exist. 
The importance of a proper well structure cannot be overemphasized. The 
structure must not only be strong enough to support the pump and its users, 
but it also must be capable of keeping out all sources of possible contamina-
tion of the well water. (The following drawing depicts a suggested structure 
for hand-dug wells.) In addition, the structure should have a sloping apron 
at least 10 feet in diameter with raised edges and a drainage trough at least 
one foot in width to drain excess water at least 20 feet away from the apron 
to a natural drainage point. 
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CONCLUSIONS AND RECOMMENDATIONS 
Monitoring of pump performance has been conducted by Ministry of Health, 
AID, ICAITI, and Georgia Tech personnel. Despite many field test problems with 
the AID hand pump, field test results indicate that the AID pump can be manu-
factured with a high degree of quality in many less developed countries (LDCs). 
The test results, further, would most definitely encourage the manufacture, 
installation, and use of the AID hand pump in LDCs as a cost effective option. 
The AID pump can be manufactured in a developing country at a competitive, 
profitable price and at an acceptable level of quality if adequate facilities 
(foundries, pattern makers, machine shops and skilled machinists, raw materials, 
etc.) are available; however, the availability of adequate foundry facilities 
with acceptable pump prices and quality controls must be determined for each 
individual developing country. Public acceptance by rural villagers has been 
good, in terms of both aesthetics and ease of use by men, women and children. 
Further, the AID pump should have a positive impact in LDCs on the health of 
rural people, employment generation, and foreign exchange requirements. In 
addition, the demonstration of local capabilities for manufacturing a rather 
complicated product instead of importing it should enhance the national pride 
of the people. 
While numerous manufacturing problems, especially quality control, have 
been encountered in both Costa Rica and Nicaragua, the majority of these 
problems have been such as to be expected when a technological product like 
the AID pump is introduced into LDC production for the first time. As sub-
sequent orders are processed through the manufacturer's plant and as personnel 
become more familiar with the pump itself, quality control should be refined 
to the point where the orders are considered to be normal production. All 
manufacturing problems were satisfactorily overcome as a result of adaptation 
and modification designs which ultimately proved to be workable in the LDC 
environment. 
Pump Performance -- Costa Rica  
Casting defects from the original order processed through the Costa Rican 
manufacturing plant for AID pumps caused shallow-well pump caps, handles, and 
one handle fulcrum to break. As subsequent orders for replacement parts were 
filled, these casting defects lessened in severity and no replacement part 
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broke during the 12-month monitoring period. Even with serious casting 
defects in the modified deep-well caps, there were no breakages of this compo-
nent, and project personnel (Ministry of Health, AID, ICAITI, and Georgia 
Tech) have agreed that the deep-well cap, including the stuffing box, also 
should be used on the shallow-well pump. (The stuffing box guides and prevents 
leakage around the plunger rod. The latter characteristic gives the pumps 
greater versatility, as it can then be used to lift water to an elevated 
storage location.) 
The shallow-well pump in Costa Rica has consistently worn out leather cups 
because of the roughness of the walls of the metal cylinder. Since the Costa 
Rican deep-well pump with its PVC cylinder has worn out no leather cups during 
the 12-month monitoring period, project personnel recommend that the shallow-
well pump should have a PVC-lined cylinder. 
As a result of the above, Costa Rican Ministry of Health personnel have 
agreed to convert all existing shallow-well test pumps to deep-well pumps so 
that these pumps will give minimal maintenance problems in years to come. 
Pump Performance -- Nicaragua  
Problems with the AID pumps in Nicaragua have been numerous. The deep-
well cap was originally manufactured as specified by Battelle drawing 2027 
but with a positive draft angle on the front of the cap. The back of the 
pump cap then had to be notched out in order to fit the cap onto the pump 
body. Since this is the point where maximum stress is applied to the cap, 
breakage occurred when the pump was field tested. Subsequently, a redesigned 
pump cap was manufactured which has performed in a completely satisfactory 
mpnner. 
Metal cylinders also have consistently worn out leather cups in both the 
deep-well and shallow-well Nicaraguan pumps. Replacement parts produced in 
Nicaragua have included PVC cylinders for the deep-well pumps, which should 
minimize cup wearing for this type pump. A formal recommendation has been 
made to Nicaraguan AID and Ministry of Health officials that all shallow-well 
pumps be modified to include PVC-cylinder liners and deep-well caps or 
changed to deep-well pumps complete with PVC cylinders. (Civil disorder 
within Nicaragua during final stages of this project has prohibited Georgia 
Tech/ICAITI personnel from personally implementing these suggestions.) These 
recommendations were made because of shallow-well cap breakage, even under 
relatively good casting conditions, and because of the excessive wearing of 
leather cups. 
Recommendations for Future Use of the AID Pump  
Based on experience in the field, the following specific recommendations 
are made for future use of the AID pump: 
1. The AID deep-well pump should be equipped with either the modified 
Costa Rican deep-well cap (including stuffing box) or, preferably, the modified 
Nicaraguan deep-well cap. The Costa Rican deep-well cap has shown no signs of 
breakage or wear in over 12 months of testing, is simple in design and easy to 
manufacture, is lighter in weight than the Nicaraguan deep-well cap, but is 
not as sturdy. The Nicaraguan modified deep-well cap also has shown no signs 
of breakage or wear in over 12 months of testing, but is fairly complicated in 
design and, thus, more difficult to manufacture. It is heavier than the Costa 
Rican deep-well cap, and is extremely sturdy (a requirement necessary for wells 
where the water level approaches 75 feet or more below the top of the well or 
where daily usage of the pump is by more than 200 people). 
2. The breakage problem of the Battelle-specified shallow-well pump caps 
can be eliminated in the future by merely using a deep-well cap on the shallow-
well pump (either the Costa Rican or the Nicaraguan deep-well cap, neither of 
which has shown any breakage or wearing problems). Additional advantages of 
using the deep-well cap on the shallow-well pump are (1) it guides the plunger 
rod down in a straight motion that wears the leather cups evenly on all sides 
rather than in an arc that wears the cups, more or less, on two sides only, 
and (2) it eliminates the large, slotted opening of the shallow-well cap that 
seems to be a natural attraction for children to fill with rocks and small 
sticks. 
3. It is imperative that cups of good quality and correct size be used 
and that the tendency to make oversized cups be avoided. Battelle specifica-
tions call for a 3-inch diameter leather cup for use inside a 3-inch inside 
diameter cylinder, which leads to an oversized cup when the leather becomes 
wet. The diameter should be reduced by at least 1/16 inch. 
4. The use of hardened steel bushings in the pump handle holes that 
house hardened pivot pins is encouraged. The bushings should be at least 
1/8 inch in thickness and hardened to approximately 60-64R c . The pins should 
be hardened to approximately 40-45Rc . 
In addition to the above, Battelle drawings specify that the holes in 
the handle pivot pin (where cotter pins hold the pump handle to the pump cap) 
should be 3 3/16 inches apart, plus 1/16 or minus zero inches; this specifica-
tion should be 3 1/4 inches, plus 1/16 or minus zero inches, to ease insertion 
of the ()otter pin and to prolong its use. Battelle drawings specify that the 
holes in the plunger rod pivot pin be 4 3/4 inches apart, plus 1/16 or minus 
zero inches; for the same reasons, this specification should be 4 13/16 inches, 
plus 1/16 or minus zero inches. 
5. All cylinders should be PVC-lined. For the deep-well pump, this is no 
problem. However, the shallow-well pump should be modified by adding a PVC 
liner to the specified 3-inch inside diameter metal cylinder and decreasing  
the diameter of the plunger assembly zroportionately to fit the reduced inside  
diameter of the liner. 
6. Battelle drawings state: "Double cup plunger to be used when water 
level is more than 50 feet below surface." McJunkin reports, "A common prac-
tice is to use multiple cups in wells deeper than 100 feet (30 meters), 
adding a new cup every 50 to 100 feet (15 to 20 meters). The added head 
increases the slip (back flow) rate which multiple cups counteract by creation 
of a labyrinth type seal."
1/ 
The authors of this report randomly installed 
double cup plungers at various sites in Nicaragua and Costa Rica. In each 
instance where the double cup arrangement was used, cup life was extended. 
This appears to be feasible for wells of any depth; therefore, all future 
AID hand pumps should be installed with a double cup plunger assembly. For 
wells where the water level is more than 100 feet below the surface, an addi-
tional cup should be added to the plunger assembly every 50 feet. 
Adding a PVC liner to the specified 3-inch inside diameter (galvanized 
iron) metal cylinder is relatively simple. The liner can be made from PVC 
pipe especially extruded to fit the metal cylinder snugly (no dimensions are 
given here because PVC and metal pipe vary slightly from one manufacturer to 
another and from one country to another). An easier method is to use PVC 
'Handpumps for use in. Drinking Water Supplies in Developing Countries  
(The Hague, Netherlands: International Reference Center for Community Water 
Supply), 1977, p. 917. 
with an outside diameter slightly larger than 3 inches (for instance, 3 1/4 
inches) and an inside diameter slightly smaller than 3 inches (for instance, 
2.95 inches), then to turn the outside diameter down to the desired size on 
a lathe. (The latter is being done in Indonesia for a program similar to the 
one described herein for Costa Rica and Nicaragua. It again should be noted 
that the change in the inside diameter of the cylinder caused by adding a PVC 
liner will require a proportionate change in the size of the leather cup and 
the plunger assembly.) 
Appendix 3 shows working drawings of the recommended final design for the 
AID hand pump with modifications that have come about during the field-testing 
period. The drawings contain no patent limitations and are for the use of 
the general public. 
Economies of the AID Pump  
From an economic standpoint, the AID pump can be competitive in price 
with foreign imports into a developing country. It offers stimulation of 
small-scale industry (employment generation) as well as a contribution to a 
favorable balance of trade for the developing country. During this program, 
for a 25-foot well, the AID shallow-well pump cost $87 (including drop pipe, 
plunger rod, and connectors) in Nicaragua and $116 in Costa Rica. The AID 
deep-well pump cost $106 in Nicaragua and $135 in Costa Rica. The Japanese 
"Lucky" pump cost $81 in Costa Rica (not available in Nicaragua). The 
Brazilian "Marumby" pump cost $63 in Nicaragua (not available in Costa Rica). 
The IDRC pump cost $123 (installed only in Nicaragua). The Dempster cost 
$294 in both Nicaragua and Costa Rica, while the "Moyno" pump cost $465 in 
Nicaragua (not installed in Costa Rica). 
Comparative Pumps  
Comparative pumps used in the field test were originally chosen because 
they were expected to hold up well during the test period and because they 
were locally available. The Dempster pump is an excellent pump and has per-
formed remarkably well, but is rather expensive when compared with the cost 
for which an AID pump can be locally manufactured. The Brazilian "Marumby" 
pumps have performed in an unsatisfactory manner and have been disappointing 
in their durability. The IDRC pump has good points that represent a lower 
level of manufacturing technology than that required of the AID pump, and is 
especially useful where foundry facilities are not available but local manu-
facturing is desirable. The Japanese "Lucky" pump has performed extremely well 
but, with no spare parts available in Costa Rica, undoubtedly will present 
maintenance problems as the components begin to wear. The "Moyno" pump is 
relatively expensive, but has the potential for a significantly positive 
impact on the health of developing countries. It appears to be capable of 
performing for a long period of time with little maintenance and has components 
that perhaps can be manufactured locally. 
General Observations  
The following general observations are offered from the experience of 
field testing the AID pump: 
1. No matter how well a water pump is designed and manufactured, precise 
care and attention also must be accorded to the preparation of the well struc-
ture, the disinfection of the well water, pump installation techniques, train-
ing of local caretakers and follow-up maintenance. 
2. A proper local governmental infrastructure must exist if a rural 
water system program is to be effective. This infrastructure requires people 
qualified to plan, organize, finance, purchase, engineer, install, maintain, 
monitor the use of the components of the system and train local community 
personnel in simple maintenance techniques. 
3. There is no substitute nor shortcut to proper pump testing before 
starting on large operational programs. The world is full of broken pumps 
that have been hurriedly designed and placed into mass production without 
sufficient, if any, laboratory testing, field testing, and redesign, if 
necessary. While it is believed that the AID pump design is sound, each coun-
try considering the use of the pump should first investigate the local resources 
for manufacturing it and then carry out a brief program to field test the 
capabilities of the manufacturer and to work out unforeseen manufacturing 
problems. 
4. Much is published about the necessity for maintenance of pumps. How-
ever, little information has been made available concerning maintenance of 
water quality in rural situations. The authors would like to see more research 
into bacteriological analysis of well waters over long periods of time to 
determine how effectively properly designed well structures seal out 
contamination and how often wells should be redisinfected (different wells 
obviously should require more, or less, frequent disinfection, depending on 
their individual environment). This matter has been discussed with various 
AID and local government officials, but no evidence has been found where 
periodic redisinfection is carried out after a pump is installed (except, 
perhaps, when a pump is pulled from the well for maintenance and then rein-
stalled) even if chlorine is available. 
5. The advantages and benefits of using a locally manufactured pump 
(like the AID hand pump) should not be underestimated. It is often quicker 
and easier to import a pump from another country, but this approach ignores 
in-country employment generation, readily available spare parts, savings in 
transportation, flexibility in design to meet local conditions, probable 
lower purchasing costs, and reduced foreign exchange requirements which free 
in-country money for other priority needs. 
Final Evaluation  
The Georgia Institute of Technology evaluation team finds the AID 
modified hand pump designs to be low in manufacturing cost and locally manu-
facturable in most LDCs. The pumps exhibited excellent operation and main-
tenance characteristics in Nicaraguan and Costa Rican field tests, and the 
designs proved to be readily usable and culturally acceptable in all field 
situations where they were introduced. 
Much detailed work is involved in initiating local manufacture of a pump 
such as the AID model in LDCs which are not currently producing similar items. 
The manufacturer must be assisted in reaching a satisfactory level of 
quality control, and LDC implementing organizations must be made fully aware 
of the hand pump's capabilities and problems. This requires patient, pro-
longed and understanding work with personnel of a variety of private, govern-
mental, and international organizations. 
This project represents the application to LDCs of technology transfer 
in its most complete form. A methodology for working with indigenous manu-
facturers and cooperating organizations to stimulate the local fabrication, 
installation, and monitoring of the AID pump and other pumps has been devised 
and thoroughly tested. This successful methodology can easily be applied in 
a variety of countries interested in better hand pump equipment for their 
water supply and sanitation projects. 
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Site No. 1, located at La Palma de Abangares (AID deep-well pump). 
Site No. 2, located at San Joaquin de Abangares (AID deep-well pump). 
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COSTA RICA 
Site No. 3, located at IMAS, El Torito, Samara (AID shallow-well pump). 
Site No. 4, located at Hernandez de Santa Cruz (Lucky shallow-well pump). 
COSTA RICA 
Site No. 5, located at Curime de Nicoya (Dempster pump). 
Site No. 6, located at Pijije de Bagaces (Dempster pump). 
COSTA RICA 
Site No. 7, located at La Javilla de Canas (AID shallow-well pump). 
Site No. 8, located at Zent, Matina school (AID shallow-well pump). 
COSTA RICA 
Site No. 9, located at Corina, Matina (AID shallow-well pump). 
Site No. 10, located at Bristol, Matina (AID shallow-well pump). 
COSTA RICA 
Site No. 11, located at La Margarita, Bataan (Lucky pump). 
Site No. 12, located at Corazon de Jesus (Dempster pump). 
COSTA RICA 
Site No. 13, located at Zent, Matina (Lucky pump). 
Site No. 14, located at San Miguel de Venado (Dempster pump). 
COSTA RICA 
Site No. 15, located at Sabalito de Venado (Dempster pump). 
Site No. 16, located at Pueblo Nuevo de Colorado (AID shallow-well pump). 
CO51eA=A 
Site No. 17, located at San Francisco de Santa Cruz (Lucky pump). 
Site No. 18, located at Terciopelo de Nicoya (AID deep-well pump). 
COSTA RICA 
Site No. 19, located at Caimitalito de Nicoya (AID deep-well pump). 
Site No. 20, located at Judas de Chomes (Dempster pump). 
COSTA RICA 
Site No. 21, located at Limonal de Abangares (Dempster pump). 
Site No. 22, located at Zent, Matina (AID shallow-well pump). 
COSTA RICA 
Site No. 23, located at Santa Marta de Matina (Lucky pump). 
Site No. 24, located at Tarcolesa de Orotina (Lucky pump). 
COSTA RICA 
Site No. 25, located at Mesetas Abajo (Lucky pump). 
Site No. 26, located at San Juan Grande (AID deep-well pump). 
COSTA RICA 
Site No. 27, located at Sabana Grande (AID deep-well pump). 
Site No. 28, located at Cuyolito de Santa Cruz (AID deep-well pump). 
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COSTA RICA 
Site No. 29, located at La Lorena de Santa Cruz (Dempster pump). 
Site No. 30, located at Lajas de Canas (AID deep-well pump). 
COSTA RICA 
Site No. 31, located at Indiana Tres-Siquirres (AID shallow-well pump). 
Appendix 2 
NICARAGUAN TEST SITES 

NICARAGUA 
Nicaragua Site No. I, located at La Garita (Dempster pump). 
Nicaragua Site No. 2, located at Las Lajitas (Marumby shallow-well pump). 
NICARAGUA 
Nicaragua Site No. 3, located at La Lamilla (Dempster pump). 
Nicaragua Site No. 4, located at San Antonio (Dempster pump). 
NICARAGUA 
Nicaragua Site No. 5, located at Las Mesas (Marumby shallow-well pump). 
Nicaragua Site No. 6, located at Las Mangas (AID deep-well pump). 
NICARAGUA 
Nicaragua Site No. 7, located at Llano Grande (IDRC pump). 
Nicaragua Site No. 8, located at San Diego (Marumby shallow-well pump). 
NICARAGUA 
Nicaragua Site No. 9, located at Mechapa (Dempster pump). 
Nicaragua Site No. 10, located at El Naranjo (AID shallow-well pump). 
NICARAGUA 
Nicaragua Site No. 11, located at Isidrillo (Dempster pump). 
Nicaragua Site No. 12, located at La Concepcion (AID shallow-well pump). 
NICARAGUA 
Nicaragua Site No. 13, located at El Rodeo (Dempster pump). 
Nicaragua Site No. 14, located at Los Calpules stream (AID shallow-well 
pump). 
NICARAGUA 
Nicaragua Site No. 15, located at Los Calpules school (Dempster pump). 
Nicaragua Site No. 16, located at Paso Hondo (Dempster pump). 
NICARAGUA 
Nicaragua Site No. 17, located at Quebrada Ariba (Marumby shallow-well 
pump). 
In order to better understand water consumption patterns of the 
users of test pumps, water meters have been installed at representative 
sites in both Nicaragua and Costa Rica. These water meters will accu-
rately record the amount of water, in gallons, that passes through the 
pumps during a given period of time and will provide data to complement 
user figures based on village population. Sites having water meters, 
in Nicaragua, are Las Lajitas (Site No. 2), San Antonio (Site No. 4), 
Santa Rosa (Site No. 23) and El Espinal (Sites No. 28 and 29). 
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NICARAGUA 
Nicaragua Site No. 18, located at Las Lajas (AID shallow-well pump). 




Nicaragua Site No. 20, located at Los Hatillos (AID deep-well pump). 
Nicaragua Site No. 21, located at Musuli (AID deep-well pump). 
NICARAGUA 
Nicaragua Site No. 22, located at Los Rincones (AID deep-well pump). 
Nicaragua Site No. 23, located at Santa Rosa (AID deep-well pump). 
NICARAGUA 
Nicaragua Site No. 24, located at El Jocote (AID deep-well pump). 
Nicaragua Site No. 25, located at Mechapa-La Concepcion (AID shallow- 
well pump). 
NICARAGUA 
Nicaragua Site No. 26, located at Licoroy (AID shallow-well pump). 
Nicaragua Site No. 27, located at Tomabu (AID shallow-well pump) . 
NICARAGUA 
Nicaragua Site No. 28, located at El Espinal (AID shallow-well pump). 
Nicaragua Site No. 29, located at El Espinal (AID shallow-well pump). 
NICARAGUA 
Nicaragua Site No. 30, located at Sabana Grande (Marumby shallow-well 
pump). 
Appendix 3 
AID/BATTELLE PUMP WORKING DRAWINGS 

The following changes have been incorporated into the original Battelle 
hand pump drawings by the Georgia Institute of Technology under contract No. 
AID/ta-C-1354. 
- Drawing 2001 
Option B showing a pin-mounted pump cap has been eliminated. Option 
C has now become Option B. 
The modified deep-well pump cap has replaced the shallow-well cap 
along with the corresponding fulcrum handle which has been shortened 
to 8 1/4". 
The double cup assembly has replaced the single cup assembly. 
Find numbers 19, 20 and 21 have been added to show the location of 
the short and long bushings as well as the long pivot pin. 
- Drawing 2002 
Option B showing a pin-mounted pump cap has been eliminated. 
A modified deep-well pump cap has replaced the original one. 
The fulcrum handle has been shortened to 8 1/4". 
Find numbers 25 and 26 have been added to show the location of the 
short and long bushings. 
- Drawing 2003 
An asterisk along with the words "Use 1/2 Dia if 7/16 Dia is unavailable" 
has been added. 
- Drawing 2004 
The diameter of the through hole has been increased from 41/64" to 
29/32". 
- Drawing 2005 
The distance between pin holes has been increased from 3 3/16 plus 
1/16 minus 0 to 3 1/4 plus 1/16 minus 0. 
In the Material & Treatment box, the words "Harden to Rc-40" have been 
added. 
- Drawing 2006 has been eliminated. 
- Drawing 2007 
The draft angles of the front and rear of the pump body now angle 
outwards instead of inwards. 
The title has been changed from "Pump Body; Bolt on Cap Type" to 
"Pump Body". 
- Drawing 2008 
The nipples for holding the cotter pins in one position have been 
eliminated. 
The diameter of the holes through the handle have been increased from 
41/64" to 29/32". 
- Drawing 2009 has been eliminated. 
- Drawing 2011 has been eliminated. 
- Drawing 2012 has been eliminated. 
- Drawing 2013 
The distance between pin holes has been increased from 4 3/4 plus 1/16 
minus 0 to 4 13/16 plus 1/16 minus 0. 
In the Material & Treatment box, the words "Harden to R c-40" have been 
added. 
- Drawing 2014 
The note has been changed to state the following: 
"Cylinder may be made of either of the following materials: 
- For deep-well pump; STD P.V.C. 1120 plastic pipe (Sch 40) 
- For deep- or shallow-well pumps; P.V.C. pipe to be used as a liner 
inside a 3" galvanized steel pipe." 
- Drawing 2017 
An asterisk along with the words "This size is for a 3" ID cylinder 
and will vary with the ID of the PVC-lined cylinder" has been added. 
- Drawing 2019 
The diameter of the leather cup has been reduced from 3" Dia to 2 15/16" 
Dia. 
The title has been changed to "Leather Cup". 
- Drawing 2020 has been eliminated. 
- Drawing 2023 
The 8 holes on the pump base are now equally spaced on a 9 1/2" Dia 
B.C. instead of a 9" Dia B.C. 
- Drawing 2026 
The nipples for holding the cotter pins in one position have been 
eliminated. 
The diameter of the hole has been increased from 41/64" to 29/32". 
- Drawing 2027 
The location where the fulcrum handle connects to the pump cap has been 
raised. 
The hole diameter of this connecting section has been increased from 
41/64" to 29/32". 
The nipples for holding the cotter pins in one position have been 
eliminated. 
The draft angle of the front of the pump cap (top view) has been 
changed so as to angle outwards instead of inwards. 
The title has been changed from "Pump Cap; Deep Well Pump; Bolt on 
Type" to "Pump Cap". 
- Drawing 2028 has been eliminated. 
- Drawing 2029 
The nipples for holding the cotter pins in one position have been 
eliminated. 
The length of the fulcrum handle (center to center) has been reduced 
from 8 3/8" to 8 1/4". 
The drilled holes have been increased from 41/64" to 29/32". 
The title has been changed from "Handle Fulcrum; Deep Well Pump" to 
"Handle Fulcrum". 
- Drawing 2030 
The title has been changed from "Three Inch Plunger Assembly; Double 
Cup" to "Plunger Assembly; Double Cup". 
- Drawing 2031 
An asterisk along with the words, "This size is for a 3" ID cylinder 
and will vary with the ID of the PVC pipe or liner" has been added. 
- Drawing 2032 
An asterisk along with the words, "This size is for a 3" ID cylinder 
and will vary with the ID of the PVC pipe or liner" has been added. 
- Drawing 2033 has been added. 
- Drawing 2034 has been added. 
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